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In remote times primitive Man conceived the idea of digging into the soil in search of 
water. With the passing of time methods have changed, but the necessity for water, 
both for domestic and industrial purposes, remains of vital importance in the field of 
human endeavour. The tremendous pace of technical advance in deep-well techniques 
is the direct result of the revolutionary invention of the Mannesmann Seamless Tube. 
These tubes are produced from a single steel ingot with outstanding properties in 
regard to strength and elasticity, in lengths from 98.43 ft. — 131.24 ft. Remember: For 
ensuring the success of deep-well drilling operations, Mannesmann Steel Tubes are the 
obvious choice for the experienced drilling engineer. 
The Mannesmann range of Water Well Tubular ’Products includes: 

Mannesmann Seamless Water Well Casing 

Casing Shoes 

a basic factor of life Lifting Caps 
Steel Screen Pipes 
Conveyor Tubes 


MANNESMANN-EXPORT cmsun DUSSELDORF 


World-Wide System of Representatives 
OUR AGENTS IN INDIA: DODSAL LIMITED BOMBAY, CALCUTTA & DELHI 
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Power for Everybody 


Shown above are the stators of three large synchronous 
generators for the Maithon Hycroelectric Station in India. 
Each generator has an output of 29,000 kVA at 11 kV and 
176.5 rpm. 


SIEMENS - SCHUCKERTWERKE AKTIENGESELLSCHAFT 
GERMANY 


SOLE REPRESENTATIVES IN INDIA: 
PROTOS ENGINEERING COMPANY LIMITED 


SIEMENS DEPARTMENT 
BOMBAY - CALCUTTA - NEWDELHI - MADRAS 








INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 










WILESTONEG IS 


~~ * * 


" cs pe " 
My; 39-4 . 
Oy” 

n2 


crt 


1916: Goodyear supplied the longest Conveyor Gelt for a 735 feet centres conveyor at Zenith Furnace Co. 


1920: Goodyear made first vulcanised splice with steam vulcanizer. 
1924: Goodyear developed Electric Vulcanizer, eliminating mechanical splice. 


1925: Splice Vulcanization enabled Goodyear install the world’s longest belt 2,434 feet centres at 
H. C. Frick Coke Co. 


1938 : Goodyear supplied the world’s longest belt installed at Grand Coulee Dam with 4,745 feet centres. 


1940: Goodyear installed belts for world’s longest over-land conveyor system at Shasta Dam; Conveyor 
length 9.6 miles. 


-1948 : Goodyear supplied second longest over-land conveyor system at Bull Shoals Dam. Conveyor length 
approximately seven miles 


1949 : Goodyear installed world’s longest singie fiignt Conveyor Belt of steel cable construction, total 
length of conveyor 10,960 feet centre to centre at Weirton Coal Company’s Miné, West Virginia. 


1950: Goodyear installed world’s highest single flight lift belt for Chicago-Wilmingdon & Franklin Mine 
— total lift 868 feet. 


1954: Goodyear developed and installed first Speedwalk belt at Hudson & Manhattan Railroads, Eire in 
Jersy City to unload and load 10,800 people per hour commuting to and from the city. 


We are pleased to announce that in accordance with Goodyear’s world wide expansion policy, 
we can offer you conveyor belting manufactured in India in the quality that is expected of a 
product bearing Goodyear’s name. 


GOODFYEAR 


THE GREATEST NAME IN RUBBER 


IRPG/28 


INDUSTRIAL PRODUCTS DEPARTMENT 
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STEEL WIRE ROPES | 


Manufactured by : 
GLAHOLM & ROBSON LTD. 


Messrs. Glaholm & Robson are manufacturers of the highest quality 
steel wire ropes for Mining, Engineering and Shipping purposes. All 
ropes are made throughout entirely from British Steel and are subject 
to the most severe tests before leaving the manufacturer’s works. 








Messrs. Lloyds’ certificates can be furnished if desired. 


Please write for information and price to the Agents : 








JESSORGE® 


~Sacikat ~ 


63, NETAJI SUBHAS ROAD, -- CALCUTTA - 1. 





















MUNICIPALITIES and CON- 
TRACTORS all over India have 
already bought hundreds of 
these units. 








“O.K.”” MORTAR MIXER 
500 cubic ft. capacity per 8 hours 
driven by 5 H.P. Engine. Overhung 
adjustable shaft, C.1. Rollers, Sectional 
Pans. 














Here are three of the “O.K.” 
range of strong, well-designed 


“O.K.” ASPHALT MIXER Road Builders. Roads now-a- 
7/5 cubic ft. capacity driven by 14/18 days are built faster o « « ETS 
H.P. Engine--Pneumatic tyre or efficiently... with “O.K."’ Road 
C.1. Wheeled Design. Chilled C.1. Building Equipment. 

Chamber. Manganese steel replace- 
able arms and tips. 














Write for details to: 


“OK.” ASPHALT BOILER | THE EAST ASIATIC CO. (INDIA) LTD., 
250 Gallons Coal Fired MACHINERY DEPT., 


200 Gallons Oil Fired P.O.Box 639, BOMBAY. P.O. Box 364, CALCUTTA. P.O. Box 146, MADRAS 
SECUNDERABAD and BANGALORE 
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BATLIBOI & CO 


REPRESENTING LEADING 


FRENCH 


MANUFACTURERS 


ALSTHOM — 

Yy 
NEYRPIC — 
C8, 23 
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BATLIBOI & 
COMPANY 








HEAD OFFICE: Forbes Street, Fort, Bombay | 
BRANCHES: Madras ~ Calcutta - Delhi - Ahmedabad 
Coimbatore - Kanpur - Vijayawada 

Associates in Bangalore and Secunderabad-Dn 
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Sub-Agents for South India: 
K. R. Kothandaraman & Co, Ltd., 13-B Second Line Beach, Madras | 
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Cold and hot 

water Pumps 
Mine Pumps 
Fire fighting Pumps 


In various capacities 
For favourable delivery times 


BUDAPEST 62 


~, weer 


‘i 





Acid-proof Pumps 
Irrigation Pumps 
Deep-well Pumps 
Vacuum Pumps 





» TECHNOIMPEX « 


HUNGARIAN MACHINE INDUSTRIES FOREIGN TRADE Co. 
HUNGARY 
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} a: oe INDIA Five 3-phase transformers, 

j 3 : . three 20 MVA, 132/33-66 kV and 

$ two 10 MVA, 132/33 kV, have 
been supplied for the Damodar 
Valley Power Scheme. 
NEW ZEALAND Twenty-six 220 
kV single-phase transformers have 
been ordered by the State Hydro- 
Electric Department of New 
Zealand. Thirteen have already 
been supplied. 
U.S.A. Of nine _ MVA, 230kV 
single-phase transformers being 
supplied to the U.S. Army C 
Engineers for the Caress Ba 
Project, N. Dakota, three have 
been shipped. : 

CANADA Four 300 kV, 71 MVA and three 275 k) 

transformers have been supplied to the nu 

‘of Canada for the “Alcan Project at Kemano- 


FERRANTI TRANSFORMERS FAMOUS THROUGHOUT THE WORLD 


FERRANTI LTD. HOLLINWOOD - LANCASHIRE - ENGLAND 


Sole Agents in India: BRITISH INSULATED CALLENDER’S CABLES LIMITED 
Esplanade House, Waudby Road, Fort, Bombay |. Post Box III 

} Branches at: AHMEDABAD - AMBALA - BANGALORE - CALCUTTA - COIMBATORE 

KANPUR - MADRAS - NAGPUR - NEW DELHI - SECUNDERABAD (Deccan) - TRIVANDRUM 
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j 
These mixers give a very high hourly production, | 
at the same time maintaining high quality mixes. | 

, | CAPACITY : 

SPECIAL FEATURES : } (9/7, 14/105 and 21/17) cu. fe. 
EEE | Other models with Tilting- 
@ ELECTRIC MOTOR OR INTERNAL COMBUSTION ENGINE | ran and Rotating =n 
© CHAIN TRANSMISSION I —_——. 
@ CENTRALISED CONTROLS I ; 
@ SKIP GUIDE CAN BE EXTENDED DOWNWARDS 
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Distributors in India: 


McLEOD & CO., LTD. KILLICK, NIXON & CO., LTD. 


I 
| 
I 
P.O. BOX 78, CALCUTTA. F P.O. BOX 109, BOMBAY. 
TERRITORIES : TERRITORIES : 
| 
| 
! 


WEST BENGAL, BIHAR, ORISSA, UTTAR PRADESH, DELHI, MADRAS, BOMBAY STATE, MADHYA PRADESH, HYDERABAD, 
ANDHRA, ASSAM, MANIPUR, TRIPURA, MYSORE, COORG, RAJASTHAN, KASHMIR, PEPSU AND HIMACHAL PRADESH. 
TRAVANCORE AND COCHIN STATES. 


PSMF 2 ! 
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When completed in 1955, the 


project will have consumed more 
than 1,40,000 tons of A.C.C. cement. 


BUILT TO LAST A\iC\C 


WITH 
CEMENT 

















THE ASSOCIATED CEMENT COMPANIES LTD. 
Sales Managers: THE CEMENT MARKETING CO. OF INDIA LTD. 





EVEREST ACC-S4.4 
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AKhaperkheda 30,000 KW = AKashmir 6,000 KW A Mysore 48,000 KW 

ARamgundam 37,500 KW = Ajogindarnagar 48,000 KW ATravancore 22.509 KW 

AAhmedabad 1,35,000 KW = ARasul 22,000 KW AU.P. 

ASurat 15,000 KW 4MADRAS ABahadarabad, 

AVisakhapatnam 6,750 KW APykara, Mettur, £Bhoia, Sumera & 

ABasin Bridge 44,500 KW = 4Papanasam & AMuhammadpur } 17,600 KW 
AMoyar 1,70,950 KW 


Each symbol indicates major generating plant, hydro and 
steam, supplying grid transmission lines. Generating plant 
of the — listed was Be sl and installed the A.E.1. 





ASSOCIATED ELECTRICAL INDUSTRIES 
(INDIA) LIMITED 


Head Office: 6 Mission Row, Calcutta 


AIX-141 


Branches at: Bombay New Delhi Madras Bangalore Coimbatore Nagpur 
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VSESOJUZNOJE OBJEDINENIJE 


MACHINOEXPORT 


32/34, Smolenskaia-Sennaia 
MOSCOW - G200, U. S. S. R. 


EXPORTS: 


Diesel Engines stationary and marine, 

vertical and horizontal, embodying the 

latest technical features, high standard of 

design, workmanship and materials. 
MODEL-DA-30/50 

vertical, two-stroke, stationary type Diesel, 

four to six cylinders, 400 to 600 h.p., 300 


r.p.m. 
MODEL-3D 3A-12 
four stroke, twelve cylinder, marine Veetype 
Diesel, 300 h.p., 1500 r.p.m., 
MODEL 6CH 6-12/14 
vertical, four-stroke, six cylinder, stationary 
type Diesel, 80 h.p., 1500 r.p.m. 
MODEL 4Ch4-10,5/13 
vertical, four-stroke, four cylinder, sta- 
tionary type Diesel, 40 h.p., 1500 r.p.m. 
ALL TYPES OF DIESEL ENGINES ARE 
PROVIDED WITH SPARE PARTS. 


v/O “MACHINOEXPORT” 
ALSO EXPORTS : 


Machinery and Equipment for Mining ,Oil, Metal- 
lurgical and Electrical Industries, Power Plants, 
Pumping and Compressor Installations, Hoisting 
and Transporting Units, Chemical Equipment and 
Equipment for Light Industries. 


For further particulars please write to: 
TRADE REPRESENTATION 
OF U.S.S.R. IN INDIA 


NEW DELHI 


House No. 21, Block 48. East West Road, 
Chanakyapuri. 


BOMBAY Branch CALCUTTA Branch 
46, Pedder Road 4, Camac Street 


SHOWROOMS: “VASUNDHARA” 
hulabhai Desai Road, Bombay 26. ) 
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COMPRESSORS e ROCK 

DRILLS e LOADERS 
SANDVIK COROMANT 
STEELS e PNEUMATIC 
WORKSHOP TOOLS 


Manufactured by 
AB ATLAS DIESEL 
SWEDEN 


VULCAN TRADING 
co. LTD. 


19 BRITISH INDIAN STREET, CALCUTTA 


Madras 


VTX 24 


Also at: Bombay New Delhi 









Steel Structures 
Mechanical Plant 
Y Ropeways & Cableways 


Steel and Manganese Steel 
castings upto 4 tons weight 





EE LEE IES 





KUMARDHUBI ENGINEERING WORKS LTD. 


Managing Agents : 
BIRD & CO., LTD. 
Chartered Bank Buildings, Calcutta-I 








> 


Accurate milling 
and hobbing of gears 


Light, medium and 
heavy turning and boring Yj 


Heavy and medium planing 
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MORE & BETTER 
ROADS MEAN 
MOORE 
ROAD 
ROLLERS | 






MALCOLM MOORE ROAD ROLLERS 
by their unfailing record of trouble-free 
performance have established a unique 
reputation for dependability in India 
Hundreds of Moore Road Rollers have been 
helping to establish road communications 
in every part of the country. 


Built to last these Moore Rollers incorporate 


* Two forward and two reverse speeds every modern feature in road _ roller 

pe etn ape | + prices sqgumaa brakes construction. A machine which combines 
cu a eerin 

aeons ieee ok ine take the best of FORDSON and MOORE 


© Extremely Heavy all Steel Fabricated ee : 
Construction Incorporates the Economical is indeed the surest sign of Quality and 


Fordson Diesel Engine. Dependability. 








Assembled & Distributed in India By 


THE 
UNITED PROVINCES COMMERCIAL CORPORATION ay 


53, Radha Bozar Lane, Calcutta-/ I 











PPS/mn is/my 
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These aad vari- 
ous other models 
of the famous 
HARRIS range of Oxy- 
Acetylene Welding & 
Cutting Equipment are 
available from : 





% No, 23 
SHANK 
113’ long 
































MODEL 23/79 or 23A/79 combined welding and cutting 


equipment. Suitable for universal pressure with S welding tips 
and 3 cutting tips. Welding range ::|/32* to 1/2°, cutting range: 
1/8" to 6". Additional welding or cutting tips to increase 


range can be supplied at extra cost. 
THE 


ASIATIC Ala OXYGEN 


AND ACETYLENE CO.,LTD. 


8, DALHOUSIE SQUARE, 


EAST, CALCUTTA. 


SOLE DISTRIBUTORS FOR 
HARRIS (USA) WELDING 
& CUTTING EQUIPMENT 
IN INDIA AND PAKISTAN 





AOA # 6/53 








THE DRAYTON DUMPER 


First in the field for 
economical transport 
of aggregates, mixed 


concrete, etc. 


Drayton Dumpers are 
operating in almost all 
classes of construction 
works including Roads, 


Reservoirs,Factories & 





River Valley Projects. 


Manufactured by 


ROAD MACHINES (DRAYTON) LTD. 


Sole Agents: 


HEATLY & GRESHAM 
LIMITED INCORPORATED IN ENGLAND 


BOMBAY MADRAS NEW DELHI 


ESTABLISHED 1892 


CALCUTTA 
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Another Typical Installation 


| 
KIRLOSKAR 


ELECTRIC MOTORS 





66 of these TEFC motors are installed in 


the blow room of the Swatantra Bharat 


Mills, New Delhi. These totally enclosed motors are specially constructed for arduous 


continuous operation in Textile Mills. For full details please apply to : 




















KIRLOSKARIGA) ELECTRIC 


KIRLOSKAR ELECTRIC COMPANY LIMITED. BANGALORE-3 








Box Nop 12 


MADRAS FP, O 
ae {ANT eomeAY FO. fo Ren 
phe RL TED CALCUTTA P.O Go No) 
ee NEW DELHI! P.C. Bow Ne. 172 
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SHOVEL 









GRABBING 
CRANE 


Universal excavators of 3/8, 5/8, 3/4 & 7/8 cubic yard capacity are readily convertible 


for use with any of the above front-end equipments. 


OTHER MACHINES CAN BE ADAPTED--DETAILS ON REQUEST. 
Sole Concessionaires 


GREAVES COTTON & CO., LTD. 


BOMBAY @® AHMEDABAD @® CALCUTTA @ KANPUR @® MADRAS ® NEW DELHI 





RALLI HOUSE, 16, HARE STREET - POST BOX 702, CALCUTTASI. 
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Only a thin film of oil protects 
these huge hydro-turbines! 


How Gargoyle Lubricants are helping India’s river -valley projects 


Ar INDIA’S river-valley projects, huge There’s a right Gargoyle Lubricant for each 











hydro-turbines turn ceaselessly to convert industrial need. Backed by our experience, 
water-power into electricity. Only a micro- correct lubrication — with Gargoyle Lubri- 
scopic film of oil protects the turbines and cants — can help to reduce costs and protect 
alternators from destruction; without it, they machinery in your plant. 
would grind to a stop — valuable equipment For details, write to Standard- A 
would be ruined! Vacuum Oil Company. . . 

That is why correct lubrication is vitally Bombay, Ahmedabad, New 
important. In India, as in so many other Delhi, Lucknow, Calcutta, 
countries, Gargoyle Industrial Lubricants — Madras, Secunderabad, Gargoyle 
famous for 89 years — are chosen to protect Cochin. Lubricants > 





crores’ worth of equipment. 


STANDARD-VACUUM OIL COMPANY 


(The Liability of the Members of the Company is Limited) 











BABCOCK & WILCOX OF 


4, BANKSHALL ST., CALCUTTA + 16, QUEEN’S ROAD ESTATE, BOMBAY 1. 
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WELDING 


‘The picture above symbolises an experience of over 20 years in the 
manufacture of fusion-welded pressure vessels, a process that was 
pioneered by Babcock & Wilcox and developed by them to its present 
state of perfection. 


The operator is supervising the automatic welding of a longitudinal 
seam in a large pressure vessel—maybe the drum of a Babcock 
boiler, a high-pressure manifold or part of a large treating tower 
for one of the world’s new oil refineries, many of which have 
Babcock equipment. 


With 75 vears of boilermaking experience, including their extensive 
application of the fusion-welding process, Babcock & Wilcox are 
outstandingly well equipped to meet the demands of the oil and 
chemical industries for complete modern steam-raising — plants, 
treating towers, high-pressure manifolds, heat exchangers and plant 
for the utilization of waste heat. 





BABCOCK 














INDIA LIMITED 
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International TD-24 crawler tractor 
with hydraulic bullgrader 





International B-250 four-wheel scraper 
for use with the TD-24 tractor 







International TO-24 crawler tractor 
with cable tilt-dozer 
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International 21-75 two-wheel rubber- 
tired tractor and 18 yard scraper 











International TD2*14A crawler tractor 


with hydraulic skid-shovel International 2T-75 two-whee! rubber-tired 


tractor and bottom dump wagon 


L. source of supply for ALL your 


EA RTH MOVI N G equipment 


Now — grouped under the world-famous IH symbo! — International 
offers a complete line of heavy-duty machines for every phase of 
earthmoving. This means that now, more than ever. your Interna- 
tional Industrial Power distributor is your “Earthmoving Head- 


® Seven powerful crawler tractors headed by the gia-t TO-24 


® Twenty-two matching hydraulic and cable controlled bull- 
dozers, bullgraders and tilt-dozers 


® Four 4-wheel scrapers matched for use with the TD-24 and 


quarters’’— a single source of supply for machines, service and parts. TD-18A tractors 
You'll find the right equipment to power your job faster, better © Two high-speed, 2-wheel rubber-tired tractors with 18 and 13- 
and more profitably — backed up by unsurpassed service facilities yerd scrapers 


and parts supplies to keep your equipment operating. Youcut down- = ° High-speed bottom dump wagon with 20 yard capacity 


time, pile up profit-time every time with International. nepuniebertwenteeast 


: > pri : ® Eighteen 6 and 4 cylinder diesel and carbureted power units. 
A demonstration will prove that it’s International “Power That 3 ‘ie : : wg 
® A complete line of auxiliary equipment including cable con- 


Pays’—see your 1H distributor today. International Harvester Ex- trol units, generators, pumps, pipeboows, skid end deast 
port Company, Chicago 1, U.S.A. shovels 





VOLTAS LIMITED = successors to the Engineering 
and Import Division of Volkart Brothers 


BOMBAY - CALCUTTA - MADRAS - COCHIN - NEW DELHI 
LUCKNOW - AHMEDABAD - SECUNDERABAD. 





VOLTAS 
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Development of Tubular Turbine 
Hydro-Electric Stations in Europe: 
Its Application to Kosi Project. 


The author discusses some interesting aspects of the Tubular Turbines as 
developed in Europe and suggests its application to the Kosi Project in India. 
He points out that by adopting the suggested layout the width of excavation 
is reduced by half and the height is also reduced appreciably. Thus it mav 
prove more economic-and also minimise constructional difficulties, than if 
the conventional layout is adopted. The author's point of view is well worth 


consideration. 


In the following article I shall makea mention about 
a recent development in Water Turbine Construction 
which hitherto has not been duly described to those 
interested in Hydro-Electric Engineering. I don’t 
intend to give an exhaustive treatment by introduc- 
ing conventional mathematics etc. I shall confine 
the scope of this article to a general account, supported 
by illustrations and diagrams for better understanding 
of various technicalities involved in the so called 
under-water Power Stations and the type of turbines 
used in that connection. 


The term ‘Underwater Turbine’ is rather a_ con- 
fusing name and I would therefore like to call it 
‘Axial Flow Tubular Turbines’ or simply Tubular 
Turbines. In this article we shall be often comparing 
these so called ‘Underwater Power Stations’ with the 
conventional type of low head Kaplan Power stations. 
The region wherein such ‘Tubular Turbines’ can be 
employed cannot be very exactly limited. The maxi- 
mum head for these can be about 15m, the minimum 
and maximum water quantities being nearly 5m? sec 
and 60m*/see respectively. 


In figure (1) you see a Kaplan Turb‘ne Installation 
of the so called classical or conventional type. The 
water flows through the trashracks, the spiral and 
the guide apparatus, turns through go’, and once 
again through nearly go’ in the draft tube thereby 
describing a‘Z’ form path. The power from the runner 
is transmitted by means of a shaft coupled to a verti- 
cal generator. 


On the other hand the no. (2) illustration which 
shows the arrangement of the so called ‘Underwater 
Power Station’, incorporates a different type of a 
turbine and generator perhaps not so familiar to 


R. N. Kar is Incharge, Hydraulic Machinery, 
Mechanical Engineering Dept., Indian Institute of 
Technology. 
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Fig. 1. Conventional Vertical Kaplan Turbine Installation 














To give in detail the special civil engineering 
features of such installations does not come within 
this framework. The overall planning of such in- 
stallations was carried out by Mr. Arno Fischer (as 
such these types of stations are at times called after 
his name). In short such installations consist cf a 
weir or weirs across the river to be harnessed, these 
being of a fish belly type and with a provision fo1 
disposing off the excess high water by flowing over 
it, the machine house being within. It would be 
enough to point out that such a layout has consider- 
ably reduced the overall civil engineering cost when 
compared to Kaplan type installation, since the 
space needed for a unit ts less and the excavation ts 
reduced due to a nearly straight draft tube. 


I shall now give the history of development of 
Tubular Turbines used in such stations. 
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Fig. 2. Tubular Turbine Type Installation. 


In 1935 Escher Wyess Ltd. got a contract for two 
400 H.P. ttirbines at 4m head and directly coupled 
to an asynchronous generator. Such small units 
have the generator enclosed in a watertight steel 
chamber, around which flows the water. The runner 
had adjustable blades for regulating the speed and 
output. The whole set rests on 2 journal bearings, 
and an axial thrust bearing, all being housed in the 
generator covering. To simplify the system of lubrica- 
tion and sealing, roller bearings have been used. 
Irom simplicity point of view such an installation 
cannot normally be excelled. On the other hand it 
has a great disadvantage that it is not electrically 
independent and cannot be operative unless con- 
nected to a network. As such under fault conditions 
in the network it cannet independently supply the 
power. Secondly we are faced with the question of 
incorporating the desirable flywheel effect in the 
unit for proper self-regulation of speed and fre- 
quency. This led to the idea of developing a tubular 
turbine coupled to a synchronous generator of a 
higher output and adequate fly-wheel effect and 
which would for all purposes be an independent unit. 
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Fig. 3. Axial Flow Turbine for Rostin Installation. 


In 1937 Escher Wyess got orders for installing four 
such turbines each 2500 H.P., there being no model 
tests made at that time. 
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Fig. 4. Tubular Turbine with Genera- 
ted Poles fixed to Runner Ring. 


Looking at Fig. 4 you see that the water flows 
axially through the turbine. The rotor poles are 
secured on to the runner band which in turn rotate 
inside the stator. The first problem was to con- 
struct suitable bearings with seals since those lay in 
flowing water stream. More than this was the difficult 
problem of sealing the rotating runner band (which 
in this case happens to be the generator rotor too, 
since the generator poles are mounted on it) against 
the stationery Tubular parts. In such cases we nor- 
mally come across circumferential velocities of 22m/sec 
or 8o Km/H which in case of a fault or runaway can 
be twice as much. On one hand such a seal should 
not allow big water losses, and on the other hand no 
undesirable friction losses. Thereafter come various 
other points viz., the bending of the runner under 
load, the behaviour of the seal with dirty water, wear 
and tear etc. 


Such turbines were first installed at ‘Iller’ (on 
Austrian German border). The taking over tests 
showed no difficulties. Since then the plants are 
in good running order without any defective opera- 
tion except the usual time to time overhauling. 
Immediately after it ‘Lech’ was developed, wherein 
the problem of dirty water with 20°, concentration 
of suspended sand and impurities had to be dealt 
with. This demanded a different type of seals to 
be developed, as the ones used in early ‘Iller’ in- 
stallation would not meet such requirements. 


A total number of 75 such turbines at various 
places with nearly 145,000 H.P. capacity and producing 
450 Mil. K.W.H. are in operation. This figure is not 
amazing, when tn the same region “Tauern Power 
Station’ alone has an installed capacity of 163,000 
H.P., but with an available head of Soo meters. Un- 
fortunately in Germany (also in many other countries), 
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there don’t exist high heads ; as such one has to eco- 
nomically exploit low heads, the ‘underwater power 
stations’ being one of these. 


Needless to say a water turbine is the heart of a 
station and its efficiency is important in the overall 
economy of an installation. Extensive measure- 
ments on models were made by Prof. Dubs of (Zurick 
E.T.H) and Prof. Ossna of Munich in this direction, 
over and above the investigations carried in Escher 
Wyss Laboratory. 


A propeller runner with fixed vanes cannot obvi- 
ously be compared with an adjustable blade Kaplan 
runner from efficiency point of view, particularly at 
part loads. 


To obtain nearly the same number of K.W. hrs. as 
with two Kaplan type turbines one should have at- 
least 4 or better ( propeller type turbines. It is 
possible to have a system for a satisfactery overall 
operation of a number of such installations when 
they are in cascade on the same river, by so called 
‘Sill’ or ‘Wave’ operation. The upper-most station 
is allowed to take as much water through as js desir- 
able for satisfactory running of machines. After a 
known drop in stage, a machine tn each ‘nstallation 
is cut out t?ll the water level is again tncreased. Obvi- 
ously the whole operation is so executed that at peak 
load time the greatest number of machines are in 
operation. Such a type of operation ‘s only possible 
when at the same time a good number of machines 
in every stage on the same river can be economically 
installed viz. in Lech. 


The above considerations naturally led to a search 
for a construction which would make possible a mcve- 
able blade “Tubular Turbine’, comparable to a con- 
ventional Kaplan ‘Turbine. 


From mere constructional point cf view such a 
type marks a great progress tn as much as the heavy 
rotor ring has to receive the bearings of the rotating 
runner vanes. With aid of a number of air tests, 
exhaustive strength calculations and measurements, 
it could be ascertained that taking such a machine in 
operation does not involve any risk or danger ‘parti- 
cularly where there was a flow of water over the 
station. However keeping in view an ample margin 
of safety Escher Wyss went ahead with the develop- 
ment of such a turbine too. 


The runner vanes are on one end borne by the bear- 
ing built in the hub and on the other end by those 
built in the rotor ring. By means of a Servomotor 
housed in the hub the runner vanes can be rotated 
as desired, thereby making a double regulation possible 
as in a Kaplan Turbine. In this connection a half 
size model was made and the constructional design 
values checked. Further as an extreme precaution 
a finished runner of this type was tested for speeds 
(2 to 2} times normal). The first turbine of this kind 
was taken into normal operation after 14 test runs, 


and is since then in good working condition. With 
that we see the establishment of a further progress in 
this. direction. 


One cannot exactly predict the future develop- 
ment in this pioneer work but it certainly is an in- 
teresting field. In any case one also sees the possibility 
of the application of “Tubular Turbines’ in ‘Tidal 
Power Schemes. A few solutions regarding its 
application in Tidal Power have been proposed. One 
of these is to keep the direction of flow through 
the turbine same both when the tide rises. or ebbs 
and thereby maintain the same efficiency in either 
case. The other solution avoids the above difficulty 
by turning the blades the keeping the leading and 
trailing edges of the blades same, when the direction 
of fiow is reversed, thereby maintaining equal 
efficiencies. 


Special Application to Kosi 
From the above, to a hydroelectric engineer, the 
possibility of building ‘Tubular Turbine’ type Water 
Power Stations when these prove more economical 
compared to conventional low head types (with 
Kaplan or Propeller Turbines) is of primary interest. 


This exactly drove me to write about it, since, in 
my opinion, adopting such a type of Station for 
‘Kost’ Power Scheme jn this country is very econo- 
mical, and particularly suits the conditions there. 
Before establishing this point of view, I feel it is 
necessary to give a short, yet relevant, outline about 
Kosi: Power Development. 


The Kos! Scheme provides for a barrage across 
Kos: about 3 miles above Hanuman Nagar. The 
barrage is intended primarily for flood control and 
supply of water to the Canal System taking off from 
the barrage. The minimum flow in the river is 10,000 
cusecs, and it will be possible to divert nearly 7,500 
cusecs of this into Eastern Kosi Canal. There is a 
difference of 23 it. between the water in the barrage 
and the canal. It is proposed to utilise this head 
for generating power in this much needed area. 


Assuming a continuous discharge available for 
power generation about 7,500 cusecs, a net effective 
head of 21 ft. and a load factor of 50%, the power 
that can be generated is of the order of 21,000 kW. 


Conventional Design of Power House 

The power house for Hanuman Nagar can be located 
adjacent to a diversion weir. The intake for the 
diversion barrage and the Power House can be com- 
bined in one continuous structure, the power house 
founded on reinforced concrete raft ; since the founda- 
tion consists of lavers of sand and gravel. On the 
down stream side the tail race canal can form the 
starting point of Eastern Kosi Canal. 


The Selection of Turbines and the Layout of the 
Power Station According to Conventional Design 
The foundation expolaration of the area has re- 
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vealed that the foundation starta is loose and con- 
sists of layers of micaceous medium or coarse sand 
separated by more pervious gravel and boulders. 
The pumping of subsoil water for laying the founda- 
tions under such circumstances presents construc- 
tional difficulties and necessitates a minimum depth 
of excavation, thus restricting the depth of draft tube 
to such a value that its floor can be economically 
constructed. As such six 4800 H.P. capacity vertical 
shaft Propeller Turbines are the best suited for this 
project. (After studying in detail the number and 
type and rating of the units). These shall be directly 
coupled to vertical syn. generators with three-bearing 
arrangement, the thrust bearing at the top incorpo- 
rated by the generator manufacturer. Further the 
reason for selecting the propeller turbines is that part 
load efficiencies are not very important in this case. 
Besides the fluctuation in head is very, small, the 
operation required is nearly at a constant head. 

With this most suitable conventional design (accord- 
ing to Fig. 1 we stillarrive at the following important 
dimensions. 

(1) The maximum depth of excavation shall be at 

R.L. 166 ; 


(Continued from page 23) 
personnel who can handle correspondenc? and accounts 
of river valley projects. At present this fact is com- 
pletely ignored and due emphasis is not laid on the 
training of technical personnel for the office and 
the exchequer. The result is delays and unnecessary 
criticism on account of lack of the requisite technical 
knowledge. It is important that our colleges and 
departmental offices should have facilities for the 
training of such personnel to develop requisite know- 
how for handling the techincal work in a competent 


manner. 


Best utilization of resources 

‘The planning of river valley projects in the Second 
Five Year Plan should be free from the defects which 
came to notice in the implementation of the First 
Five Year Plan. The outstanding factor that needs 
to be remembered is the orientation and emphasis 
that must be laid on making the project procedures 
of such a practical nature as to make the best use 
of available resources in personnel, money, labour 
and material. With this objective in view, the various 
States have been advised by the Planning Commission 
after their first round of meetings with the States’ 
representatives to be more realistic in their plans of 
expenditure for the Second Five Year Plan. A reason- 
able ratio must obtain between what ‘s proposed to 
be spent in the Second Five Year Plan and what 
actually has been spent in the First Five Year Plan. 
Wishful thinking and expanding the plan to an 
astronomical size cannot be of much use. The various 
States have been asked to recast their proposals so 
that by the time the final figures are published in 
November of this vear, the entire picture is more 


tealistic and practicable. 


(2) The Power House width is nearly 56’. 


Proposed Tubular Turbine Type Layout 

After detailed study with this type of arrangement 
(according to Fig: 2), we find that by having a 
similar arrangement excepting that the overflow weir 
section at the top which is typical of such stations 
may not be provided, since that is of on great signi- 
ficance here. Even if a water spilling arrangement 
has to be provided it can be done separately, as it 
would have to be done in case of a conventional lay- 
out (according to Fig, 1). 

With this deisgn we arrive at the following im- 
portant dimensions : 

(1) The maximum depth of excavation shall be at 

R.L. 200; 

(2) The Power House width shall be nearly 29’ ; 

From the above we clearly see that by employing 
a tubular turbine type layout we save 34’ in excava- 
tion, the width is reduced by half and so is the height 
reduced appreciably. 

The saving in depth is not only important from 
economical consideration but as already explained 
it minimises the constructional difficulties too. 


Our Delhi Letter 


Success of Flood Protection Works 

There have been discussions both in parliament and 
outside about the grave havoc of floods that has be - 
fallen vast tracts of Assam, Bihar and U.P. during 
this monsoon. It has been realised that it is not prac- 
ticable to prevent sucha calamity because nature ever 
wants to strike with new weapons and on a new scale. 
But we can arm the suffering people with the techni- 
que and knowledge by which they can protect 
themselves. In the last aualys’s, the problem 
becomes one of economics where people who are 
settled lving lands have to compare their 
income over a period of years from such lands in 
spite of their having been subjected to the calamity 
of occasional floods. It is not easy for them to quit 
ther ancestral lands and homes and advantage 
must therefore be taken of modern methods ot 
construction of houses and protection of life and 
property tn the face cf floods, rather than wholesale 
abandonment of millions of habitaticns. A scientific 
outlook is extremely necessary for examining this 
problem and the counsel given by Shri Jawahar 
Lal Nehru and Pandit Pant needs to go down to 
every flood stricken home and country. Their advice 
to them is courageous action and self-help towards 
which Government Departments will also cooperate 
to the maxium extent. It is, however, too mrch to 
expcet immunity from risk and danger because of 
geographic, and meteorological factors 
which are beyond the control cf the public as well 
as of Government. The success of 


oun low 


geologic 
stene sours at 
Dibrugarh has been quite encouraging and this form 
of protection will receive gieater scope. Further 
the research for cheapening cf construction material 
must continue as has been previously advocated 
by some of the countries experienced engineers and 
research workers. 
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Development of Irrigation in Mysore 


Any one who has glanced at the “‘Mysore State 
First Five-Year Plan’’ cannot but take notice of the 
Major Irrigation Works of the State, as they occupy 
a very important place in it. 


The Major Irrigation Works of the State comprise 
of the following four Projects : 


(‘) Bhadra Reservoir Project. 
(17) Tunga Anicut Project. 

(ii?) Nugu Reservoir Project. 
(iv) Ambligola Reservoir Project. 


The first three projects were started some eight 
years back while the fourth one was started in 1953. 
Now nearly four years of the First Five-Year are 
over, and it would be very helpful to have a brief 
review of the achievements in this period so that, if 
there is any short fall from the targets proposed for 
the plan, attempts may be made to bridge the gap 
and achieve the desired object within the one year 
remaining over. The following is a brief review of 
each of these projects. 


Bhadra Reservoir Project 
This is the biggest reservoir project under construc- 
tion in the State. The proposal is to construct a 


masonry dam 192 feet high across the River Bhadra 
near Lakkavalli village to impound 71,500 million 
c.ft. of water. The maximum depth of storage will 
be 186’ and the waterspread of lake formed will be 
46 sq. miles. The length of the main dam at road level 
is 1,400 ft. and the subsidiary saddles proposed are 
1,340 ft., 700 ft., and roo ft. in length. The surplussing 
works to discharge 1,20,000 cusecs of computed maxi- 
mum surplus water will be of 4 crest gates of 60’ 234’ 
dimension situated will sill at plus 162.5 level and 
two low level river sluices of 6’ 15’ dimensions with 
sill at plus 45 level in the main dam. The Left Bank 
Channel, 50 miles in length, is taken out from plus 
36 level from the left flank of the main dam through 
one vent of 6’ 12’ dimension to irrigate 17,894 acres 
in Shimoga and Bhadravati Taluks. The Right Bank 
Channel is taken out from plus 100 level from right 
flank of the main dam through two vents of 8’ 15’ 
dimension. The first section of this Channel is 51} 
miles in length. Before it reaches Ubrani Range of 
hills, 36 miles long Anveri Branch Channel is taken 
to irrigate lands of Honnali and Chennagiri Taluks. 
The Channel crosses the Ubrani Range of hills by 
a tunnel 3 miles long with 7} miles deep draft and 
approach cuts. After emerging out from this range of 
hills, it reaches Sulekere tank and from there it 
branches off into Malebennur and Davangere Branches 


A view of Bhadra Reservoir which is under progress 
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- A general view of Bhadra Reservoir which is under progress. 


which are 25 and 37} miles in length respectively. 
The total ayacut proposed for irrigation under the 
Right Bank Channel system is acres in 
‘Tarikere, Chennagiri, Honnali, Davangere and Harihar 
Taluks. It is also proposed to extend the Davangere 
Branch Channel into Harapanahall: Taluk to irrigate 
further 10,000 acres in that Taluk. 


2,006,300 


Apart from this, it is also proposed to generate 
electric power by locating three generating stations, 
on the rear side of the main dam, one on the right 
flank, one on the left flank and one at the river bed. 
It is proposed to develop nearly 41,040 kW of power 
from these three generating stations. The one im- 
portant feature of this is that water drawn for irriga- 
tion on either bank is made to run the two generating 
stations on either bank before entering the irrigation 
channel, thus enabling the extra benefit 
without draw off of 
Reservoir. 


of power 


any extra water from the 


The Project was started as early as April 1947. 
It is gratifying to note that the starting of this Project 
has almost synchronised with the commencement of 
our Independence era. The integration of Mysore 
State with the Union of India was followed by finan- 
cial integration in 1948. This curtailed the resources 
of the State finances and the Project 


which was 


started on the financial resources of the State 
received a setback, and consequently the construc- 
tion programme was slowed down according to a 
“Go-Slow Programme’’. All attempts were subse- 
quently made to procure financial aid from the Centre 
to push through the project. In 1951 it was, however, 
included in the ‘First National Five-Year Plan’’ but 
Central assistance was not received till October 1953. 
As soon as the Central assistance of Rs. 3 crores was 
received, the tempo of progress was accelerated and 
the ‘‘Go-Slow Programme’’ was changed into 
‘“Accelerated Programme’’. This is clear when we 
see that a sum of Rs. 260 lakhs has been spent during 
the last 2§ years as against Rs. rro lakhs for 6 years 
up to Octeber 1953. 


Now, the project is taking definite shape and 
masonry in the main dam is progressing briskly at 
the rate of about 5 lakhs c.ft. per month The entire 
320 ft. of river bed portion has been founded, and 
masonry has come up to plus 32 level on the right 
flank from chainage 850 to 1,100, to plus 5 level in 
central fleod gap portion for 270 ft. length and to 
plus 30 level on left flank for 250 ft. length. Total 
quantity of masonry laid so far is 7 lakhs e.ft. Action 
has been taken to procure the necessary gates for 
the river sluices at plus 45 level and the left bank 
irrigation sluice at plus 36 level. 
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Channel excavation work which is under progress— 
Bhadra Reservoir 


‘The work on the left bank irrigation channel is 
in full swing in the entire length of 50 miles. Nearly 
go per cent of earthwork excavation has b2en com- 
pleted. Masonry works in the first 20 miles are under 
full swing. The entire channel will be under op2ration 
by the end of next year and by the end of the First 
Five Year Plan, wat2r will be made available to the 
entire area of 17,894 acres under the Left Bank 
Channel, as per programme. 


The detailed alignment and survey of the first 
section of 514 miles have been completed. The ex- 
cavation in the first 30 miles is under progress. 
Nearly 80 per cent of excavation work in this reach 
has been completed. During the next year the 
preliminary works of the tunnel will be taken up as 
per programme. 


The total outlay up to the end of 1954-55 on the 
project is Rs. 370 lakhs as against the revised pro- 
grammed expenditure of Rs. 628 lakhs to the erd of 
1955-50. 


Tunga Anicut Project 

This comprises the construction of 41} ft. high and 
1,020 ft. long high coefficient lifting dam and 180’ 
of Broad Crested Weir across the river Tunga near 
Gajanur Village in Shimoga Taluk. The -875 sq. 
miles of Shimoga and Chikmagalur Districts drawing 
into this anicut bring in an enormous annual inflow 
of water. The Channel taken out from the right flank 
is 32 miles in length and it is proposed to irrigate 
5,000 acres in the Shimoga and Bhadravati Taluks. 
‘The Channel on the left flank ‘s 62 miles in length and 
is estimated to irrigate 16,500 acres in the Shimoga 
and Honnali Taluks. This work was started ti 1946 
and is scheduled to be completed by 1957. The esti- 
mated cost of the project is Rs. 231°12 lakhs, 


The first 25 miles of Left Bank Channel and the 
first 25 miles of Right Bank Channel have also been 
completed. The excavaticn aad masovry works in 
the remaining length of the Channel are under 
progress. During the irrigation season of 1654, water 





was made available for 5,500 acres, and during the 
irrigation season of 1955, water will be made avail- 
able for 10,000 acres. During the irrigation season 
of 1956, water will be made available for 18,000 acres 
and by 1957, work will be cempleted in all respects. 
The total outlay till the end cf 1654-55 is Rs. 166 
lakhs. During floods, the discharge over the high 
coeilicient weir and rear buckets gives a magnificent 
view. 


Nugu Reservoir Works 

The proposal is to construct a 116’ high dam to 
impound 4,893 M.C.ft. forming a waterspread area 
of 4 sq. miles. The maximum depth of storage is 
110 ft. At road level the length of the masonry dam 
in the central and left flank portion is 740 ft. in 
length and earthen flank on the right is 700 ft. in 
length. The computed surplus of 30,000 cusecs is 
proposed to be discharged through the crest shutters 
of 31’ 20’ dimension situated at river portion with 
sill at plus 90 level and one under-sluice of 10’ 20’ 
dimension situated with sill at plus 20 level in river 
valley portion. The Channel which is 57 miles in 
length is taken out on the right flank from the reser- 
voir at plus 50 level to irrigate 20,000 acres in 
Heggadadevanakote and Nanjangud ‘Taluks. The 
work was started in 1947 and is proposed to be com- 
pleted by 1957. The estimated cost of the scheme is 
Rs. 244°25 lakhs. 


The masonry dam has come up to plus 114 level 
on both the flanks and in the central river gap por- 
tion, it has come up to plus 45 average level. The 
reczipt of gates for the central river low level sluice 
for which orders have been placed with M/s. M.A.N., 
Germany, is awaited. As soon as they are received 
in a course of one or two months, the central gap will 
be raised. The earthen flank has come up to plus go 
level. So far 45,15,079 C.ft. of masonry and 1,77,738 
C.yds. of earthen embankment have been laid and 
this completed nearly 95 per cent of this work. 


The earth excavation of the channel which is 57 
miles long is in full swing, and masonry works along 


A view of Tunga Anicut. 











8 


a distance of the first 30 miles are in progress. The 
outiay to the end of the year 1954-55 is Rs. 175 lakhs. 
Water will be made available for about 50,00 acres 
during the irrigation season of 1955 and for about 
12,000 acres during the irrigation season of 1956. 
‘The work will be completed in all respects by 1957. 


Ambligola Reservoir Project 

The proposal is to construct a 57’ high earthen 
bund across Salur Halla near Ambligola Village in 
Shikaripur ‘Taluk, with a 22 mile long Channel taken 
out from the reservoir on the left flank to irrigate 
6,894 acres in Shtkaripur Taluk. The 55°57 sq. miles 
of catchment draining into the reservoir brings in an 
annual net vield of 1,755 units. The capacity of the 
reservoir formed is 1,545 units. The maximum depth 
of storage is 51 ft. and waterspread of lake formed at 
maximum storage is 1,008 acres. The width of the 
bund at top level is 12 tt. The computed 9,280 cusecs 
of maximum flood discharge is proposed to be dis- 
charged on 265 ft. long high coeffictent weir into a 
subsidiary valley nearby. The one interesting feature 
is that the entire 48 ft. drop from waste weir to river 
bed is negotiated by a number of high coefficient 
weirs and water cushion. 


As only preliminary survey and estimates had been 
prepared at the time of inclusion of this project in 
the First Five-Year Plan in 1951, detailed surveys 
and estimates were immediately taken up, and as 
completion of these preliminary works took nearly 
two years, the work could be actually started only 
by January 1953. Since then preliminary works, 
approach roads ett., have been completed. Excava- 
tion in the river portion for foundation has been 
completed and foundation work has been started. 
The outlay to the end of the year 1954-55 is Rs 3 
lakhs. The work ts proposed to be completed by 
1955. 


Conclusion 

The total cost of the four major irrigation projects 
amounts to Rs. 2,300 lakhs and out of this, Rs. ggo 
lakhs have been proposed to be spent in the First 
Five-Year Plan. Against this, Rs. 560 lakhs or 55 
per cent has already been booked in the first four 
vears of the Plan, and with the accelerated progress 
the remaining portion of the proposed expenditure 
will be booked by the end of First Plan period. 


These four Projects form nearly 85 per cent of 
irrigation portion of the First Five-Year Plan of the 
State and in the total plan of the State it forms 21 
per cent. ‘Taking irrigation into consideration, these 
four Projects alone bring in 2,82,700 acres under 
irrigation after completion and then in turn will 
bring 1} lakhs of tons of additional food grains to 
the graneries of the State leaving apart the other 
indirect benefits of power. 
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(Continued from the 


[7] Incorrect ideas about factors reducing the rate of 
silting 
(7-1) Incorrect ideas of many types are formed and 
are popularly accepted regarding factors which are 
supposed to lead to a low rate of deposition of silt. 
Some have been recorded above. Others are recorded 
below. It is suggested by some that 


(1) reservoirs formed with small catchments have 
heavy rates of silting (per square mile per 
year) and vice versa 

reservoirs designed to store a small percentage 
of run off from a catchment have a very small 
rate of silting per square mile of catchment per 
year and vice versa. 


(2 


— 


The correctness of these (or otherwise) deserves to 
be verified from the four statements (V.H., H, L and 
V.L.) extracted from the C.B.I. Publication No. 51 
viz. Silting of Reservoirs. 


(7-2) Taking the former first, one finds the rate of 
silting to be high inthe case of the following catch- 


ments which are fairly large in extent. 


Name of Reservoir C.A. Sq. C.Ft. of Silt per 


Miles year per Sq. 
Mile of catchment 
Boyal Marchand 163 1,60,000 
Pocharam 240 68,000 
Visapur 159 66,000 
Ekruk 159 64,000 
Lake Fife 196 61,000 


Conversely, statement I, shows I0 cases ef reser- 
voirs in M.P. where small catchments have small 
quantities of silt per square mile of catchment. 
Similarly statement “‘V.L.’’ shows at least two cases 
of very small catchments bringing down only very 
small quantities of silt per square mile per year. 
Nor can the anomaly be explained on the basis of 
factors like the steepness of catchment or of existence 
of rock ete. 


(7-3) Supposition (2) above in (7-1) viz. that tanks 





AUTHOR 


previous issue) 


which are designed to hold a small percentage of run-off 
from catchment, will have a long life (i.e. the quantity 
of silt deposited in the reservoir per square mile of 
catchment per year will be very small) is also not 
borne out by the data printed in C.B.I. Publication 
No. 51 quoted above. 


The following are examples of reservoirs designed 
to hold a small percentage of run-off and yet where 
large quantities of silt are deposited per square mile 
of catchment per year. 


Percentage run- Silt brought down 
Name of Reservoir off for which per Sq. Mile per 


designed year 
Mukerdebi (M.P.) 32 1,20,000 
Jam Mohegaon 
(MP.) 34 I,15,000 
Khor Tora (M.P.) 34 1,18 ,000 


Following tanks are also found to accummulate large 
quantities of silt per square mile per year though 
their holding capacity is a fraction of the average 
run-off. 


Name of Percentage of Silt deposited per 
Reservoir designed storage square mile of 
to average catchment per 
annual run-off year 
Khaiia Datan 
(M.P.) 19 80,000 
Baloda (M.P.) 27 90,000 
Morid (M.P.) 14 70,000 
Doongar Bari 10 70,000 


On the other hand there are at least 2 cases where 
storage is equal to or more than 60%, of run-off and 
yet the silt brought down per year per square mile 
is extremely small* (less than 10,000 C.ft. per square 
mile per year) and several cases where percentage 
of storage capacity to average run off exceeds 60% 
and yet the quantity of silt brought down does not 
exceed 30,000 C.Ft.¢ per square mile per year. 





* Please see Statement ’V.L.”’ 


+ Please see Statement “L’’. 
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It is true that the number of reservoirs, which agree 
with (2) in para (7-1) above islarger than the number 
which conflict with it but that can only indicate the 
percentage probability and must not be accepted to 
be a rule. 

(7-4) The existence of soft material in the catch- 
ment is expected by many to help erosion and hence 
to increase the rate in deposition of silt. It should 
however be remembered that the same quality con- 
veys existence of good agricultural soil and hence of a 
large percentage of area under crops which is expected 
to help reduce erosion. It may however be recorded 
that it is the perennial crops that mainly help 
reduction in erosion and not the seascnal crops. 
Forests fall under this category cf perennial. Again 
a vegetal cover which is expected to reduce erosion 
is possible only if distribution cf rainfall is such as 
to permit the Vegetation to exist throughout the year 
or a major part of it. 


(7-5) It has been shown above that it is not correct 
to conclude from data for existing reservoirs or to quote 
a rule that the rate of silting per square mile of catch- 
ment per year is a function of the size of the catch- 
ment or of the percentage of annual run-off stored. 
It is also unsafe to presume that the deposition of silt 
can be kept down by previding undetsluices. That 
may be possible in cases where the silt is very fine 
and where the silt load is small as in the case of the 
Nile in Egypt ; but to accept that as a rule and to 
apply it to other cases is dangerous in the absence of 
examples in support. In programming for new reser- 
voirs for Irrigation or for Power generation in India, 
one has to Choose between 


(1) Restricting harnessing of rivers to only 
such cases where the life is long even after 
assuming that the quantity of silt brought 
down annually and deposited in the reser- 
voir was going to be high, 


and (2) ‘aking the risk of censtructing large and 
costly schemes where a reservoir is likely 
to silt up quickly. 


This choice is a political and social issue and need 
not be discussed at full length in this paper ; a few 
remarks will be found in paras 13 and I4. 


8] Discussion about possibility of rules regarding 
silting of reservoirs 

(8-1) Leaving the socio-political issue to the politi- 
cians and concentrating our attention to purely tec hni- 
cal matters, it is found difficult to precisely frame 
tules or factors which lead to quick silting. The impossi- 
bility of the existence of such rules will be clear if it 
will be kept in mind that what is ultimately seen as 
silting in reservoirs is really an outcome of the four 
following phenomenon. 


(1) Disintegration of parent rock into minute parti- 
cles. 
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Transport of the particles from site or from the 
field to the stream (main and subsidiary). 
Transport ot the particles by the stream to the 
reservoir. 

(4) Deposition of the particles inte the reservoir. 


(3 


(8-2) These four stages (phenomenon) are quite dis- 
tinct from each other and a factor affecting one does 
not necessarily affect the rest. Thus the disintegration 
(1 above) which is caused mainly by difference in 
temperatures and by the action of carbonic acid is 
not affected by ‘slope’ which latter is mainly res- 
ponsible for ‘transport of the particles’ (2 and 3 
above) ; the above mentioned stages are described 
and discussed below. 


(1) Disintegration of parent rock:—-The parent rock 
particularly if of igneous origin is so hard that water 
can not attack it very effectively unless cracks are 
first created in the rock. The loosening is caused 
first by cracks formed by wide difference in tempera- 
tures (diurnal and annal), thus making possible the 
entry of carbonic acid. The carbonic acid attacks the 
minerals like the felspars turning them into minute 
particles which can be transported by rain water. 
The cracks alone make the attack by rain water possi- 
ble and effective. The coarse material also gets washed 
after the fine particles, in due ccurse. 


(2) Transport of the particles from site or from the 
field to the stream is caused mainly by rain water. 
Small showers in the beginning of the rainy season 
help the entry of carbonic acid while larger showers 
do the actual work of transport from higher levels to 
fields at lower levels. Some of these particles ct silt are 
washed down further te the stream, some being 
retained on fields en route. 


Other agencies like wind may help such action but 
wind, it will be remembered, does not always blow 
from the hill towards the dale. The intensity of and 
the cross sectional slope of the country help the trans- 
port to the valley. 


(3) Transport of the particles from the valley to the 
reservoir has obviously to be done by the stream. 
Larger the discharge, higher the velocity (for the same 
slope) and larger the silt load carried. Again not all 
denuded material is trnsported nor can it be said 
that material denuded in a given vear will reach the 
reservoir in the same year. Some (silt) may deposit 
on way so as to form shoals : at the same time some 
former deposits of old shoals may get scoured in later 
years and be transported to the reservoir. 


One phenomena which is important from the point 
of view of reduction in the capacity of reservoir, takes 
place at this stage viz. that the finer particles of silt 
get fully saturated and increase (bulge) in size ; these 
lighter particles may get so light as to remain in sus- 
pension or may some time turn into an almost colloi- 
dal form. Presence of certain chemicals helps 
floculation. 
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(4) Lastly comes the stage of actual deposition ina 
reservoir. The depositionof heavy bed-load is not 
difficult to understand but the lighter silt and clay may 
or may not get deposited, much depending upon 
factors discussed below. 


The density currents may under certain circums- 
tances reach the waste weir and be surplussed along 
with the spill. When however that does not occur, 
the lighter silt occupies a space much larger than that 
required by the same particles when dry. Again this 
action is further helped by slow movement and settle- 
ment of silt particles possible in reservoirs. The depth 
of silt no doubt creates pressure but the effect is 
only partial. The weight of dry silt is therefore no 
guide to the volume occupied by the silt in the lake 
as wet silt. 


The ratio of designed contents of a reservoir to the 
average run off affects this item only but not the other 
three. 


(8-3) The above should help understand why factors 
like steepness of country is not necessarily accom- 
panied by large quantity of silt per unit of catch- 
ment area per yeai ; also why the ratio of contents to 
run off does not show comparable results. 


Again, there are certain exceptional circumstances 
under which the deposition of silt in a reservoir is 
small or nil. 


Thus, a reservoir constructed higher up on a catch- 
ment has to get filled up with silt before the lower one 
on the same stream can begin to be filled up. The 
following examples from U.P. will illustrate this. 


Name of Upper Lower 

River Reservoir Reservoir Notes 

Betwa Dhukwan Paricha Dhukwan (Upper) ts get- 
ting silted up (and has 
in fact silted up to capa- 
city) while  Paricha 
(Lower) is said to be 
actually scouring. 

Dhasan Pahari Lachura Pahari (Upper) is Silt- 
ing up about 7 times as 
rapidly as  Lachura 
(lower). 

Ken Gangao Bariapur Gangao (Upper) is sil- 


ting slowly but silting 
in Bariapur (Lower) is 
insignificant. 


Dhukwan itself has come to a stage when it cannot 
hold additional silt. It would however be wrong to 
suppose that an upper reservoir can help the lower 
for ever. A stage will come when the upper can help 
the lower no more. 


The deposition of lighter silt in a subsidiary 
reservoir from which a canal takes off 


is affected 


by the wave wash which helps keep silt in suspension 
and which allows some of it to pass out into the canal. 
Such wave wash is ineffective in the upper reservoir 
as silt gets sufficient time to settle even if disturbed 
occassionally and it is the comparatively clear water 
that is let down in due course. 


Weirs from which canals in First Class Irrigation 
Schemes in Bombay take off can be quoted as exam- 
ples. The Vir weir (mediocre size) on the Nira Canal 
system has helped keep water in the N.L.B.C. tur- 
bid (which is expected to keep aquatic weeds under 
control). Obviously, there are other factors which 
also affect. 


|9| The only safe method of working out the life 
of a proposed reservoir 

(9-1) Though the problem of predetermining the life 
of reservoir is an almost impossible task, it is possible 
to have a fairly good idea so as to differentiate safe 
and unsafe cases. Some idea of the life of a reservoir 
in a given locality may be possible to be formed by 
studying a reservoir of comparable size, situated 
similarly and with the same parent rock and other 
conditions in a catchment in the same tract: such a 
completely similar example is however difficult to 
find. One has therefore to make more or less a guess. 


(9-2) Complete details about the process of formation 
and of transportation of silt are complicated. Collect- 
ing data of silt transported by streams in any parti- 
cular period can not take into account possibilities 
of depositing large part of it on fields at lower levels 
(levees) and of the formation of shoals and or denuda- 
tion of older shoals and levees. Again the data about 
silt is affected by the site where samples are collected. 
Thus if samples are collected on the D/S of the site 
of the dam (as in Hirakud) after foundations for the 
dam are excavated, the data will be most misleading. 


(9-3) The factors that affect the life of a reservoir 
can best be understood by studying conditions under 
which the minimum forces of nature would create 
large scale (and not the minimum) silting of a reser- 
voir. Thus, a certain minimum of differences and 
changes in temperatures is essential. The difference 
need be sufficient to create expansions and contrac- 
tions just sufficient to create cracks to permit the 
entry of rain water charged with carbon dioxide. 
The intensity of rainfall needed to dislodge the silt 
particles thus formed from the crevices in rock is 
however much larger. 


The cross sectional slope and rainfall need be just 
sufficient to allow the waters thus charged with silt 
tc rell down to thestream. The transport of silt to the 
reservoir is the combined affect of the discharge 
and of the longidutinal slope. Thus a small discharge 
in a steep country or a large discharge in a flat country 
may both be able to transport the same quantities of 
silt. : 


Finally, a run off just sufficient to fill the tank 








I2 INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 


vear after year without overflow (or with the mini- 
mum possible overflow) will causea maximum deposi- 
tion cf silt. 


Rainfall larger than the optimum mentioned above 
will cause a smaller silt load per unit of flow and 
cause a larger overflow, both factors reducing silt 
deposition. 


(g-4) It has beenalready recorded that in the case of 
factors like the size of catchment (expected to yield 
a smaller quantity of silt for a large size and vice 
versa per square mile per year) all that can be said is 
that there are many cases in which the trend is in that 
direction ; for we also meet with cases of the opposite 
type i.e. large size catchments contributing large 
quantity of silt per square mile per year. It is there- 
fore impossible to predict results in a particular type 
of catchment, though one may be able to say that 
there were greater chances of silt content being small 
with large catchments. Such a prediction is of but 
little use in predicting the financial and public utility 
aspects of a scheme. 


In proposing new reservoirs therefore it is not 
possible to state with certainty that it will or will 
not silt up quickly. The only precaution which appears 
to have shown dependable safe results appears to be 
the provision of an upper reservoir so that the lower 
reservoir on the same catchment will have much 
smaller quantities of silt deposited in it. This remedy 
is however far too costly as it requires two reservoirs 
to be constructed where only one was needed. Be- 
sides such a device will become useless after the upper 
reservoir will have silted up to capacity. Under the 
circumstances, the only safe guide appearsto be to 
work out life of a proposed reservoir by dividing the 
figure of designed contents by different figures of 
silt per square mile of catchment say, 1,50,000, 
T,00,000, 50,000 and 25,000 per year. 


(9-5) If, after working out life on lines described 
above, a reservoir shows a life of over 500 years with a 
figure of 1,50,000 c.ft. of silt per square mile of catch- 
ment per year, it is definitely safe to undertake the 
construction. If the reservoir shows a life of 500 years 
with only 1,00,000 C.ft. of silt per year per square 
mile, it is also safe to undertake the project. Reser- 
voirs which show a life of about 200 years only with 
50,000 C.ft. of silt assumed per square mile per 
year should be considered as of doubtful utility. 
Those which show a life of only about 100 years even 
after assuming only 25,000 C.ft per year per square 
mile are definitely unsafe works of these two latter 
types (C & D below) should not be taken up in hand 
unless one is certain that water will be in full demand 
within 10 & 5 years respectively of the construction and 
that the demand would exist even if the rates charged 
are sufficiently high to allow the necessary reserve 
fund to be accumulated (to allow a new reservoir 
to be constructed) before serious reduction by silting 
could occur i.e. say within 25 years after construc- 
tion. The above is summarised in the table on this 
page. 


It must not be forgotten that a reservoir which 
has a long life may not necessarily be safe from the 
point of view of filling annually. To have a long life 
and at the same time a certainty of filling annually, 
a reservoir must have high rain-fall. This will be 
clear from columns 6 and 7. 


Two tables (Nos. 2 & 3) have been attached 
at the end of the artical. Table No. 2 gives 
data and expected lives of some _ existing 
reservoirs. Table No. 3. gives similar data for 


reservoirs proposed in the First Five Year Plan or 
those that were considered seriously for inclusion. 
Remarks have been written in the last columns of 
both these Tables about the life being safe, unsafe, 
etc. 





Silt assumed per Remarks 


Designed capacity 
of Reservoir per 
Sq. Mile of catch- 


ment correspond- 


Approximate run — Rainfall corres- 
off corresponding ponding to figure 
to figure in the in last column 
last column to en- for normal catch- 





Category Safe life in square mile per about Life ing to figures in — sure annual fill- ments 
vears vear Columns 2 and 3 ing in normal 
catchments 
C.K. M.C. Ft. Inches : nches 
I 2 3 4 5 6 7 

A 500 I,50,000 Very Safe 75 30 60 to 80 
B 500 1,00,000 Safe 50 24 40 to 60 
200 50,000 Doubtful 10 5 25 to 40 
D 100 25,000 Unsafe 24 1} 15 to 25 
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(9-6) It has been stated above that no dependable 
rules based on data collected can be justifiably framed. 
However, some general trends indicating high prob- 
ability may be recorded. 


Note :— The word per unit is used below to con- 
vey : “‘per square mile of catchment per 
year’. 


(1) Silt brought down per unit dces in many cases 
vary inversely as the size of the catchment. 
Silt per unit increases with the average rainfall 
but double the rainfall does not result in doubl- 
ing the quantity of silt. Silt increases approxi- 
mately as the square roct of the raintall. 

Silt per unit increased in many cases, with the 

steepness of longitudinal or cross slope. If 

however sufficient silt is not formed in the rock, 

a steep slope can not create silt and hence can 

not convey it. 

Other factors being the same, the °% of silt 

deposited per unit is somewhat smaller if the 

capacity of the storage reservoir is small as 
compared with the average run-off. 

The crushing strength of rock is no guide to 

its resistance against weathering i.e. resistance 

against the onslaught of atmosphere, including 
changes of temperatures. 

(0) The silt per unit of catchment where rock is 
expcsed is in many cases only about ro to 25%, 
of what may be released from agricultural soils. 

(7) The biological action of human beings construct- 

ing bunds round fields in heavy rainfall tracts 

with a view to planting paddy has a marked 
effect of reducing the quantity of silt per unit. 

The sticky clay soils in rice fields can product 

much smaller quantities of silt per unit. 

Catchments with friable soils in small rainfall 

tracts result in heavier silt load per unit. 

The crops on such soils are only seasonal. The 

silt per unit is reduced very appreciably if the 

crops are perennial. Cases of forests fall under 
this category (perennial). 

(9) Silt released from the ridge does not necessarily 
always go to the reservcir in the same year. 
Some of it may deposit on way to form levees 
or shoals and conversely old levees and shoals 
may be washed off; the former reduce and 
the latter add to silt per unit. 


— 
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[10] General remarks on the figure of contents of and 
the probable life of a reservoir 
(10-1) Knowing the designed (or proposed) contents 
of areservoir and the catchment area, one can work out 
the figure of designed contents per square mile of 
catchment area. 


The life of a reservoir before complete silting up is 
obviously the number obtained by dividing : 


(A) the figure of contents per square mile of catch- 
ment. 
by (B) the average quantity of silt expected per 
year per square mile of the catchment. 


(10-2) The figure of contents per square mile has 
to be fixed by the designer. 


If the designed contents are equal to or smaller 
than the minimum run-off, the design 1s safe from the 
point of view certainty regarding the tilling of the 
reservoir even in a very bad year. If the designed 
contents are equal to the average run-off, the chances 
of the reservoir not filling in year of small raintall 
are many. Some carry-over is essential in such cases. 
Where however the designed contents are larger than 
the average run-off, the reservoir must have a very 
large carry-over, if it is to serve its purpose. In fact 
it is feared that the defect is not possible to be 
overcome even with a large carry over. 


The chances of filling or not filling annually is, no 
doubt, an important factor but we are not concerned 
with it in working out the life of a reservoir and it 
has therefore not been dealt with at greater length 
here. 


(10-3) In the case of an economic and optimum 
design the figure of designed contents is bound to be 
larger, larger the rainfall on the catchment. Speaking 
generally, reservoirs with heavy rainfall in thecatch- 
ment have a very long life while those fed by catch- 
ments with low rainfall have a very short life. Reser- 
voirs designed to hold a large percentage of run-off 
from a given catchment have a much longer life than 
that of those designed to hold a small percentage of 
run-off ; for, the amount of silt brought down per year 
does not reduce proportionately to the percentage 
of run-off stored. For any given catchment, there- 
tore, a reservoir with smaller designed contents 
will naturally have a much smaller life than that 
designed on the same catchment with a larger figure 
of contents. 


[11] Safety First in designing contents of Irrigation 
and Power Reservoir 
(11-1) Fixing the figure of contents of reservoirs 
for Iniigation and Power is a very tricky problem. 
There are two important limitations, both having far 
reaching effects. 


(a) If the designed contents torm a small fraction 
of the normal run-off from the catchment, the 
reservoir, is under certain conditions (e.g. with 
the catchments having low rain-fall), very 
likely to silt up very quickly. The existing 
Mayani Lake in Bombay is a typical example. 

(b) If the designed contents are appreciably higher 

than the run-off in bad years, the reservoir will 

be non-dependable as it may not fill in quite a 

large percentage of years. The figure of irrigable 

area must rot be based, in such cases, by assum- 
ing that the full designed contents of the resec- 
voir will be available every year. 


— 


(11-2) The above explains why reservoirs on streams 
with low rain-fall in their catchments, are unsatis- 
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factory in either case i.e. whether designed contents 
are kept high or low. 


Owing to the fact that run-off per square mile in- 
creases much more rapidly with rain-fall than denuda- 
tion of soils or of rock, the life of reservoirs having 
large rain-fall in their catchments is long ; Bhatghar 
in Bombay and Ramtek in M.P. are typical examples 
from existing reservoirs. Koyna is an example from 
the new reservoirs under construction. Conversely 
reservoirs with a small rain-fall in their catchments, 
have, generally speaking, a short life. Kasurdi, Mayani 
and Mhaswad in Bombay and Nizamsagar in Hy- 
derabad can be quoted as typical examples of existing 
reservoirs. 


Certain gigantic reservoir schemes in the First (and it 
is feared, alsoin the Second) Five Year Plan have very 
large catchments while their designed storage capacity 
is small. They are expected to silt up very quickly ; 
the figure of designed contents per square mile of 
catchment is very small the silt brcught down from 
the large catchment will very soon fill up the basins. 
Calculations show that the contents of the Kaddam 
Reservoir in the Hyderabad State, work on which is 
nearing completion, will also silt up very quickly. 


(11-3) Thehistory of very large reservoirs for irriga- 
tion in India is comparatively recent. There are, un- 
fortunately no existing examples of very large reser- 
voirs to demonstrate the effects of silting up. This 
remark applies to Upper India in particular, there 
being no known reservoir in the Punjab and Bengal, 
those in U.P. & M.P. being only mediocre in size. 
When therefore one finds very large reservoirs like 
Hirakud and Bhakra taken in hand, feels 
anxious. 


one 


The short-lived Mayani tank in Satara (Bombay) 
was probably one of the first of its kind which attracted 
the attention or rather awakened the curiosity of 
local engineers and administrators. The real reasons 
of its short life were, however, not understood or 
appreciated. Most of the observers thought that 
there was something peculiar about the catchment. 
Chankapur (Bombay State) has, to some extent, 
disturbed the minds of a few. Few are prepared to 
accept that Nizamsagar was silting up very quickly 
and that it would lose its utility very considerably 
within a few decades from now. Unfortunately silt 
surveys have not been carried out on the Nizamsagar 
and many other reservoirs which are silting up 
quickly. 


(11-4) The normal expectation of life of a healthy 
man is 60 years ; hence it is that shortlived tanks like 
Mayani and Mhaswad have not purturbed the minds 
of administrators. That, along with the fact that an 
easy method of estimating the life of a reservoir, even 
approximately, was not known, explains why reser- 
voirs, with short or very short lives were being con- 
structed or proposed for being constructed. 


(11-5) In certain cases like the Hirakud conscien- 
tious efforts are being made in the direction of measur- 
ing siltinthe stream by an elaborate technique ; the 
utilitv of such an attempt at collecting data, after 
the work has been taken up for construction (which 
is actually nearing completion) is questionable. - 
Remarks about the site at which silt samples were 
being collected having already been recorded above. 


12| Effects of social structure and habits of people 
on success or failure of schemes 

(12-1) A question that would naturally be asked is 
“‘must we leave such large volumes of water unused, 
in case a reservoir was expected to silt up quickly ?” 
Some might quote examples of schemes with similar 
dams and reservoirs in U.S.A. or in U.S.S.R. or in 
other countries where they have been reported as 
successful. 


(12-2) There are two replies to such a question. 

Firstly, so far as irrigation is concerned, water 
from such streams should be utilised by cheaper systems 
like the weir-cum-canals on lines of the existing 
Krishna and Godavari delta canals in the South and 
the Ganga and Sarda in the North of India. They 
are not affected seriously by silt brought down by the 
stream. 


Secondly, a pattern that was successful financially 
and socially in an industrious country like the U.S.A. 
or as a self-supporting public utility concern in the 
U.S.S.R. will not necessarily show the same results 
under conditions obtained in India at present or 
offer the same degree of public utility. There may 
be a large degree of similarity in the technical aspects 
such as foundations, designs of gravity sections of 
dams etc ; even so, owing to the difference in the social 
structure in the two peoples, results obtained will 
differ widely. In the U.S.A., the business-like men- 
tality of the people results in the commodity made 
available by a scheme being in full demand almost 
immediately after construction. As such, within the 
first 20 or 30 vears (i.e. long before the storage wil! 
have reduced, due to silting, even by 25°,), the 
scheme will have already collected a sinking fund 
more than sufficient to allow another dam to be 
constructed, in addition to such advantages as giving 
dividends to shareholders after paying interest on 
capital. The same purpose vill have been served in 
the U.S.S.R. by the full utility of the storage veing 
taken advantage of, for producing consumer goods 
or for supply of power to other public utility con- 
cerns. In the latter case, the powers vested in the 
Dictator can achieve the desired success. Evenas time 
is an important fourth dimension, the social structure 
and habits of a people form an important dimension 
affecting Irrigation and Power Schemes. 


(12-3) The first class major irrigation schemes in 
South India are worth studying, as examples of what 
happens under environments obtaining in India at 
present. Even with reservoirs having long life, Irriga- 
tion schemes have incurred a loss by an amount nearly 
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equal to the capital invested upon them by the State. 
The figure of loss stated above has been worked out 
without setting aside any sinking fund. If such a 
sinking fund were provided, the total burden on the 


experience shows that this period of gestation 
is about 25 years as a minimum in the case of 
even mediocre schemes. It may, in fact be 
much larger in the case of large schemes. 


above-mentioned Irrigation Schemes would have (2) The storage capacity available at the end of 
been about 3 times the capital invested. The loss the period of gestation aud the receipts likely 
has to be borne by the general tax-payer. In short, to be available with that storage. 

there are cases where the public bears the annual (3) The rate of silting up and hence the rate of 


loss on such so-called public utility projects, for the 
benefit of a very small (about 1%) number of in- 
dividuals who gain at the cost of the rest. This is 
nothing short of a civilised method of exploitation 
of the masses (and which is the substitute for “‘loot- 
ing’’ reported to be resorted to in very old days). 

(12-4) The above social and economic consideration 
is possible to be expressed in the present financial set 
up in terms of financial returns, essential to justify 
the construction of schemes (involving construction 
of reservoirs which may have short lives). The usual 
assumption in working out the financial and utility 
returns of schemes ts that the income will be constant 
once the full storage is in demand, i.e. after a suitable 
period of gestation. It has to be remembered that 
with a quickly silting reservoir the income and utility 
falls down with age. 


(12-5) While sanctioning Irrigation or Power 
Schemes, it is therefore essential to take into account 


reduction in utility. 


The return available as per (2) above is the maxi- 
mum. It is smaller for the period prior to that and 
also for period after that ; the former due to insuffi- 
cient demand and the latter due to reduction in 
storage. 


(12-6) It is very difficult to predict such basic figures 
like rates of work that may exist after more than 
50 years hence and rates of interest and depreciation 
etc. In fact the basic ideas about capital and interest 
are changing fast (and rightly so). Even so and under 
circumstances obtained in India at present, the 
following additional return should, it is considered, 
be available from schemes having reservoirs with 
short lives due to silting etc. in order to justify the 
project being taken up for construction. That, in fact, 
can be said to be a provision against depreciation 
due to silting of reservoirs. 


the effect of silting up. Particularly incaseswhere a Life in years required for Additional %, return to 
reservoir is expected to silt up in about 100 years, — silting up of a reservoir make up for short life 


the returns (of production and financial) should be 50 5% 
worked out after taking into account : 100 4% 
200 3% 


(1) The period required before full demand for 
water stored was likely to be available. Past 


TABLE I 
Data on deposition of silt in irrigation tanks in traprock zone, Bombay State, 20 to 30 in. rainfall tract 








District Annual Catch. Appro- *Net Designed Contents Net Average depth of Silt received in Designed 
Name of tank in average ment ximate designed contents ahove silt silting per year tank from the contents 
Bombay rainfall area in period contents — above outlet spread over the catchment per per sq. mile 
“tate Inches sq. mile in outlet sill siliafter whole catchment year of catch- 
| years silting area: ment 
| Inches C. ft 
| pananitiianas 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
| m.c.ft. m.c.ft. m.e.ft.  m.c.ft frac. decim. persq. peracre —m.c. ft 
| mile 
Tanks in less rainfall tract 
Ekruk Sholapur 28 150 aD 3.330) 3,162 2,601 729 =«1/28 0.036 838,000 130 21 
Ashti do. 22 92 45 1,466 1,410 1,279 871/52 0.019 45,000 71 16 
Pathri do. 29 27 25 460 429 393 360/48 0.023 53,000 83 16 
Mhaswad Satara 21 480 io 3,072 2,601 1515 1557 1/43 0.021 53,000 83 674 
Mayani do. 24 52 33 189 189 112 77 1/55 0.018 45,009 70 3°6 
Nehr do. 28 59 oO 523 490 414 109 1/63 0.016 = 37,000 58 9 
Shrisuphal Poona 20 23 60 367 357 336 31 1/103 VOLO 23,000 35 16 
Bhadalwadi = do. 22 23 60 223 191 138 85 1/39 0.026 62,000 96 7 
Compare tank in heavy rainfall tract 
Lake Fife do. 150 196 70 5,703 3,953 3,097 1,850 1/15 0.058 130,000 211 20 


*It has been assumed that the complete portion below sill of outlet is filled up with silt. This is true in all except a very few 
cases where that portion still hold some water. However, this is very small and for all practical purposes the portion below outlet 
sill is all silted up. 
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Table No. 2 
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Statement showing some information about silting of certain existing Reservoirs and their life in years 














Design- Life of Reservoir before complete sil- 
ed conte- ting up with silt brought down per 
nts per Square Mile of catchment Remarks 
S. Name of State Catch Designed Sq. Mile about 
No Reservoir ment contents of 25000 50000 75000 150000 life 
area Catch- C.F. £2.78 t.e. ©. Hh 
ment 
«Sq. MC. MC. Yrs. Yrs Yrs. Yrs. 
Miles Ft. Ft. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

1. Krishnaraj Sagar Mysore 4100 48000 II 440 220 IIO 75 Doubtful 

2. Vani Vilas 4 2075 30000 15 600 300 150 100 

3. Bhandardara Bombay 49 12900 260 10000. = 5000 2600 1700 Very Safe 

4. Darna x. 150 8goo 57 2300 ~=1100 570 380 Safe 

5. Whiting (Bhatgar) me 128 = 24000 188 7500 3750 goo 1300 Very Safe 

6. Nizamsagar Hyderabad 8400 35000 4} 170 85 42 28 Quick 
Silting 

7. Mettur Madras 16300 96000 6 240 20 60 45 Low Life 

8. Mhaswad Bombay 480 3100 6} 250 125 60 40 Low Life 

g. Nehr 7 59 523 a) 360 I8o go 60 Quick Sil- 
ting. 

10. Mayani ‘a 52 189g 3.5 140 70 35 25 Very Poor 

11. Ekruk ‘A 159 2600 16 640 320 160 110 Doubtful 

12. Pingli - 20 210 10 400 200 100 60 Doubtful 

13. Visapur o 150 1500 10 400 200 100 60 Poor 

14. Chankapur ‘i 107 1500 15 600 300 150 100 Fair 

15. Kasurdi - 6 I4 24 go 45 25 15 Very Poor 

16. Tendula M.P 319 ~=10000 31 1250 600 300 200 Safe 

17. Ramtek = 82 4200 51 2000 ~=1000 500 350 VeryGood 

18. Manyari ‘3 310 5342 7 680 340 170 120 Fairly to 

Good 

19. Barwar U.P. 65 1117 17 680 340 170 120. Fairly 

™ Good 

20. Siori oF 2 269 II 450 220 IIo So Not Good 

21. Majgawan zs 30 940 31 1250 620 300 200 Good 

22. Aunjhar ie 6} 159 25 1000 500 250 170 Good 

23. Belasagar em 39 630 16 640 320 160 110 Fair 

Table No. 3 
Statement showing relevant information about silting of certain Reservoirs in India which are under 
construction or which were under active consideration for construction. 

Note :— The data in columns 4 & 5 have been obtained in most cases, from statement opposite page No. 346 
of the Indian Concrete Journal, December 1950 issue, except where more reliable data was available 
from other sources. 

Life of Reservoirs before complete sil- 
3. Name of State Catch- Designed con- ting with silt (assumed) per square 
No. Reservoir ment tents mile of catchment kemarks 
area about 
Total Per Sg. 25000 50000  ~=100000 150000 life 
Midleof C. ft. €. Ft. C.Fit. C€.. Ft. 
catchment 
Sq. Miles M.C.Ft. M.C.ft. Yrs. Yrs. © PS. Yrs: 
I 2 3 4 5 6 7 s 9 10 II 
I. Koyna Bonbay 350 125,000 3600 14000 7000 3500 2300 Very Safe 
2. Hirakud Orissa 32000 270,000 84 320 160 So 50 Risky 
3*. Krishna Madras 78000 280,000 4 150 So 40 30 Very Risky 
4*. Pennar Madras 18000 280,000 16 640 320 160 100 = Safe by 
itself 
3-4.Krishna-Pennar Madras g6o000 560,000 6 240 120 60 40 Risky 


(Continued on page 26) 
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Water Supply in Desert Parts 


of Rajasthan 


The author deals here with a problem which vitally affects the lives of those 
who live in or near the deserts. Draught occasionally worsens the situation 
there, as was the case this vear in our country. While mainly involved in 
meeting the problems arising out of floods, we should not neglect the problems 
of the arid areas. We hope, this contribution will draw the attention of our 


readers to this aspect. 


Some are rolling in wealth having all the luxuries 
of life thrust on them, others can not get a morsel a 
day ; some keep on giving charities, others go on 
begging ; some order, others obey ; some are carried 
in cars, others pull rickshaws and though the Universe 
is sustained on such disparities, there is none sc 
glaring as has gripped the nation recently, which 
has affected millions. On one side there is flooding, 
on the other there is drought. But while floods inspite 
of the damage like a penitent child, a loving parent 
or a benevolent master never go back without making 
amends or paying for loss, drought like a merciless 
marauder, leaves only devastation and death in its 
wake. In Sind where before construction of Lloyd 
Barrage and the river embankments, floods and 
drought periodically visited the country, it was a 
common saving that deluge is preferable to draught. 
In 1942 when due to a breach in a river embankment 
vast areas of that country were in grip of floods and 
the writer's youthful enthusiasm in voluntarily 
shouldering the responsibility of evacuation and 
flood relief work normally outside his flield of duties, 
was faced with the vastness of the problem of supply- 
ing rations, rapid appearance ot fish in flood waters 
came both as a surprise and a relief. For scme 
months fish served as a staple food for the people of 
those areas. While flood waters solved the problem 
created by them, draught would only accentuate 
the trouble. Apart from the conditions of drought 
now created in Rajasthan, the water supply in the 
Western parts of the State has always proved to be 
Achille’s heel. 


Plants and animals require water for their susten- 
ance. That water is life can only be realised, in its 
dearth. So long it is available in. abundance its 
importance is seldom realised. An entry in dry 
regions of earth, brings home hcw far scarcity of 
water can affect life. Towns are rare, villages are at 
far off distances, vegetation is scarce, trees are seldom 
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met with and their growth is stunted, birds are few 
and only such of the animals that can traverse long 
distances for water e.g. the deer or those that can 
store water for some days in their system like the 
cameloid and to an extent bovine classes alone are 
seen. 


In the arid zones where water is precious several 
methods are employed to collect and store it. In 
this article the usual devices used in the desert of 
Rajasthan are described. cenerally they fall in two 
categories (1) Surface collection and storage, and 
(2) Tapping of Underground Sources. Pasturage is 
the principal occupation of most of the people in 
desert areas and so in Rajasthan majority of the 
people make their living by selling milk, butter, ghee, 
hides and animals. In each sizeable village accom- 
modating a few hundreds of people generally both 
the surface and underground sources are utilised. 
Usually a large surface tank and a good size well 
provide water both for human and animal consump- 
tion. They are the chief centres cf activities of the 
village where woman come to fetch water and men 
to water their cattle and gossip. A few trees are 
grown near each to provide shelter against the 
scorching heat of the sun. 


Village Tank 

A tank for a village comprises of a sloping ditch 
closed on three sides and open on the fourth, through 
which the rain water enters, Figure 1. The slope 
provides easy entry ter water and means of access to 
water edge which goes on constantly receding due to 
consumption of water and on account of evapcration 
and absorption losses. Usually the three sides form 
a trepizium with the broad side open so as to provide 
wider receiving area. The villages generally grow 
up near depressions where the nature provides a 
good basin for water to accummulate. The finer 
particles of sand get gradually washed-and by attri- 
tion get pervalised in form of clay which goes on 
getting collected into the basin and provide a good 
water seal against heavy percolation in sand. Such 
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a place is best suited for constructing the tank that 
usually is partly in excavation and partly in embank- 
ment. The excavated earth forms the bank on the 
sides which are continued further up on the slope 
until they are flush with the ground level. No calcula- 
tions are made by the villagers but they go by ex- 
perience on other tanks which probably is better 
than any other method of computation. They know 
what size of tank is required for a hundred heads 
of cattle and how long the water can be economically 
stored. For the last few months of the dry season 
people in most of the villages have to depend for 
water on the well supply. In certain cases the tanks 
are made of a very large size so that they provide 
sufficient water not only for the dry season but make 
enough provision for carrying over to the next. 
Some of the tanks have got masonry walls on the sides 
and are occasionally paved in the bottom to prevent 
underground seepage. So important ts a tank known 
as ‘sar’ in these parts that ever villages are named 
after them. 


VILLAGE TANK 
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Underground Wells 
These mostly supplement water from tanks and are 
specially useful during the hotest part of the dry 
season when the tanks generally run dry. They are 
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carried to a very low level often exceeding a 100 ft. 
The deepest well is 170 ft. Where the village is owned 
by a single land-lord, he provides funds for con- 
struction of the village tank and the well. In other 
cases either the villagers contributed themselves 
wholly or partly and partly Government helped 
them in providing funds for the construction. 


For a Thakur’s (Land Lord’s) residence 

If it happened to be a grand palatial building 
separate water supply for drinking purposes was 
provided by collecting the water on the tops of 
roofs through pipes connected to the rain water 
spouts and leading to a lined tank usually circular 
in form with steening of masonry paved bottom and 
roof at top. Provision is made to bypass water from 
the first showers into waste. Only clear water from 
subsequent rain is directed into the tank. This is 
the best drinking water that can be obtained in 
deserts. It is free from the ground impurities and 
salinity which is usually high in desert soil on account 
of dessication and concentration of salts on the sur- 
face. 


Family Tanks 

For sections of a village or for different communities 
in the village sometimes separate tanks are provided. 
In one village each family has a separate tank for 
collecting water and storing. These tanks are usually 
ina form of a cistern with bottom and sides plastered 
with lime o1 provided with pukka paving and steening, 
Figures 2 & 3. They usually have a mud roofing 
supported on crude wooden rafters arranged in the 
form of a dome. In centre at the top of the dome a 
small hole is provided which is covered up with a 
mud slab. The roofing reduces evaporation and 
prevents birds from getting inside to build their nests 
and from throwing their excreta into water. Catch- 
ments for each tank are marked by a small earthen 
bank a few inches high and the ground is cleaned and 
sometimes mud washed to provide neat surface for 
collecting water. Occasionally better form of roof 
is provided and a hole left at top is closed with a 
shutter to lock the well. This kind of precaution is 
taken to prevent pilferage of water in times of drought 
when a single bucket costs up to a rupee. In normal 
times the usual selling price for 1 ft. depth of water 
in 5 diameter well is one rupee. 


Organised efforts in co-operative form directed by 
Government partly aided-and partly co-operative 
may well improve the water supply conditions in the 
desert villages until such time as science has developed 


some means of improving desert areas. At present if ’ 


drinking water supply for men and cattle can be 
ensured beyond failure at any time much of the 
misery and casualties of cattle can be prevented. 
What a boon would a canal in these areas be for 
irrigation and more for drinking supply. 








Exporting Electric Power from Yugoslavia 


The United Nations Economic Commission for 
Europe (ECE), which since 1947 has been concerned 
with meeting Europe’s electric power needs, recently 
reported on a more than 400,000,000 dollar scheme for 
the export and transmission of hydro-electric power 
from Yugoslavia to Austria, Italy and Western Ger- 
many 


Detailed plans for the projected works have been 
worked out by public authorities in the four countries 
concerned. In a report entitled “prospects of Expor- 
ting Electric Power from* Yugoslavia’ the experts 
concluded that it is “economically feasible to export 
considerable quantities of electric power from Yugo- 
slavia over long periods.’ They also concluded that 
such exports could be concentrated during the winter 
months, which is important because it is during these 
months that additional electric power is in greatest 
need in the importing countries. 


The group of experts, appointed by the ECE 
Committee on Electric Power to study the possibility 
of exports of electric power from Yugoslavia, based 
their conclusions on detailed considerations of the sites 
and the basic data for the works which might be con- 
structed in Yugoslavia for this purpose, as well as on 
their study of the import possibilities of the neigh- 
bouring countries interested in the scheme. 


‘The size of the scheme is suggested by the fact that 
the ‘‘Yougelexport’’ programme is planned to yield 
energy which is equivalent, for example, to the total 
consumption of the Seine Department of France, which 
includes Paris, and supplies 5 million inhabitants. 
(Other comparisons: this energy would be equivalent 
to 50 per cent of the consumption of Bavaria, 45 per 
cent of that of Belgium or 35 per cent of heavily 
electrified Switzerland.) 


The main features of the scheme include the con- 
struction on Yugoslav territory of four new power 
stations and the enlargement of a fifth. It would also 
involve the construction of a 380 kV transmission 
network for the export of the power thus produced, 
that is 4.3 million kWh, in six successive stages, to 
Austria, Italy and Western Germany. The total capital 
outlay required is $340,000,000 for the power stations 
and $70,000,000 for the network. 


One concrete possibility which has been contempla- 
ted for the realization of the scheme is the setting up of 
a company under Yugoslav law for the detailed study 
and construction of the works, and the establishment 





* “Prospects of Exporting Electric Power from Yugoslavia” 
is # summary of a set of more detailed documents made avail- 
able to governmnts and United Nations organs and agencies only 
at this time. Copies of the summary, prepared by the Industry 
Division of the United Nations Economie Commission for 


Europe, are available from Sales Agents for United Nations 
Publications against payment in local currencies. 


of an international holding company outside of 
Yugoslavia for financing and execution of the 
contracts. 


Extensive Preparatory Work 

The various Committee of the intergovernmental 
Yougelexport worked unremittingly on the problem 
at 32 meetings which they held in 1953 and 1954. 
Their members also visited the main sites proposed for 
the projected works, and received advice from the 
four experts supplied by the United Nations Technical 
Assistance Administration concerning the technical 
features of the scheme. 


Needs for Energy 

One of the main concerns of Yougelexport was to 
ascertain the potential market, that is to determine 
the quantity of power which might be imported by the 
three neighbouring countries concerned. This enquiry, 
based on a preliminary estimate of the national re- 
quirements of Austria, Italy and the Western Zones 
of Germany, covered the years 1956, 1957, 19600 and 
1970. The maximum load required in 1960 is expected 
to total 800 MW. The ECE report points out that 
Austria would balance its imports of winter current 
by deliveries to Yugoslavia during the summer. 
The annual utilisation time of the required capacity 
installed in Yugoslavia would be about 3,000 hrs, 
almost entirely during the winter period. 


The Four Projects 

In the light of these energy requirements, the 
Technical Committee of Yougelexport selected the 
following four projects from the 17 preliminary deve- 
lopment projects submitted to it by Yugoslavia, and 
studied their main characteristics: (a) the develop- 
ment of the Idrijca ; (b) the development of the Lika 
and the Gacka ; (c) the development of the Cetina ; 
and (d) the development of the Trebisnjica. The 
possible output of these plants in an average year, and 
their construction costs are given in the table below 
(See next page) 


Earliest Deliveries 

The report suggests that it should be possible, 
three vears after financing begins, to make available 
for export part of the output from the Perucica plant, 
already under construction. The Yougelexport plan 
is to install at this plant two new pressure mains and 
four additional machine sets with a total capacity of 
144 MW at a cost of a 11 million dollars, thereby 
making it possible to export 450 million kWh of 
winter power. 


The Six Stages 
The Financial Committee recommended that the 
various works be carried out in the following order: 
first, the extension to the Perucica plant; next, in 
succession the development of the Cetina, of the Lika 
and Gacka, of the Idrijea and of the Trebisnjica. The 











20 INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 


Basic data for the Projects 





Installed capa- Possible output 


Project city (in MW) in an average ction (a) 
vear (RWh* 108 
Cetina 530 2,250 O4 
Lika-Gacka 242 920 
Idrijea 112 340 40 
Trebisnjica 840 2,300 


Cost of constru- 


(in million US$) pacity (in US$) 


116 


Cost per kWh 
of installed ca- 


Cost perkW = Time required 
(in US cents) for construction 
(b) (in years) 


177.30 4.18 6 
173-55 4-57 5 
410.71 13.00 4 
138.09 : 5.04 6 


(a) Figures based on current Central European prices and on the actual results of geological surveys to date. 


(b) Taking technical considerations only into account. 


completion of these various works would enable the 
quantities of power required to meet the established 
demand to be exported in accordance with a programme 
consisting of these stages. The Economic Committee, 
for its part, worked out the distribution among the 
three importing countries of the power available at 
each stage — during the years 1957 to 1966. 


Transmission System 

The export of power in such quantities will clearly 
require the creation of an adequate transmission sys- 
tem, both in Yugoslavia and the importing countries. 
The general layout of the network and its development 
in four stages have been worked out by the Economic 
and Technical Committees. The details of the lines 
and their-operating voltages have been based on the 
load to be carried. Only part of the total investment 
required for construction of such a system will be 
for the account of exports, since the network will also 
serve for the transmission of power within the vari- 
ous countries concerned. The share to be finally debi- 
ted to exports has been worked out and added to the 
capital required for the construction of the power 
plants. 


Prices of Power 
The caleulation of the average cost of the power 
produced has been made on the basis of two hypo- 
theses,depending on the period selected to write-off the 
investment. Since there is, strictly speaking, no inter- 
national electric power market, and since prices 
depend essentially on the quality of the power supplied, 
it was decided to fix the average export price by 
relating it to the price per kWh produced by a modern 
thermal plant in the area of consumption. This price 

varies with the country concerned. 


Financing Problems 

The Financial Committtee reviewed various tradi- 
tional methods of financing which might be used. 
It believed that, since the installation of the plant and 
transmission lines will call for a considerable amount 
of electrical equipment, it should be possible to link 
supplies by neighbouring countries of part of this 
equipment to arrangements for the medium-term 


financing of the projects. The committee felt, never- 
theless, that it would be difficult to carry out the 
scheme as a whole without the participation of the 
International Bank for Reconstruction and Deve- 
lopment or another U.N. Agency which might be 
created to assist in financing economic development. 


Yugoslavia’s participation would consist in imme- 
diately ploughing back into the scheme its profits from 
the sale of the power during the construction period 
contemplated. It was obvious, however, that the most 
that this Committee could achieve was to provide 
illustrations, as the formulae finally adopted for financ- 
ing will depend largely on the legal conditions of the 
undertakings entrusted with the construction and 
operation of the plants — a problem that was dealt 
with by the Legal Committee. 


Legal Problems 


The Legal Committee also made a detailed study of 
the various arrangements which might be contemplat- 
ed. These ranged from the conclusion of an ordinary 
contract for power supplies between the companies 
concerned, to the establishment of a supra-national 
body whose statutes would be recognized by enabling 
legislation in each participating country. However, 
given the legal systems of the countires concerned, it 
was the conclusion of bilateral contracts between 
Yugoslavia on the one hand and groups of interested 
companies in the various importing countries on 
the other which mainly occupied its attention. As 
such contracts would always have Yugoslavia as one 
of the parties, they should contain identical clauses 
governing the stability and possible revision of prices, 
and arbitration, which should be delegated to an 
international body. 


These bilateral contracts, the experts state, should 
be coupled with agreements between the governments 
concerned guaranteeing continuity of supply, faci- 
lities for making payment, and the immutability both 
of the method of payment under the contracts, and of 
the system of taxes and charges on power imported 
or exported under them. 











INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 2I 


Index Map of the Project 
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A Company and an Agency 

The Legal Committee suggests that such bilateral 
contracts might later be compounded and administered 
by an agency to be set up for that purpose. It would 
thus be possible to envisage the separate establishment 
of a company and of an agency. The company, which 
would operate under Yugoslav law and have its head 
offiice in Yugoslavia, would be responsible for the pre- 
liminary detailed study and construction of the pro- 
jects. The agency, with headquarters in a country 
to be fixed later, could be responsible for the co-- 
ordination and actual administration of the contracts. 
It could then be constituted as a corporate body and 
raise loans on the capital market not only in the 
countries interested in importing electric power, but 
elsewhere too. 


This would make it possible to avoid confusing any 


credits which might be granted to Yugoslavia for the 
development of its own economy with those which 
might be allotted for the completion of the works 
planned by Yougelexport, such a scheme being, in 
fact, in the interests of the importing countries as 
well as in those of Yugoslavia, and, therefore, inter- 
national in character, the experts say. Moreover, 
the geographical dispersion of the various power 
plants projected necessitates the construction of a 
transmission system, the cost of which will ultimately 
have to be shared by the importing countries ; the 
establishment of the above-mentioned agency would 
facilitate the apportionment of these charges. 


Arrangements for Continuing Work 
The ECE group of experts in their report stress the 
“effective co-operation’’ which had developed between 
the countries concerned during the execution of the 





a 


ty 


study. While the group considered the task entrusted 
to it to be completed, it recognized the necessity 
to maintain liaison between the governments of the 
countries interested in the possible execution of the 
scheme. ‘To this end it recommended that an inter- 
governmental co-ordination committee be set up 
under the auspices of the Committee on Electric Power 
the United Nations Economic Commission for 
Europe, to consist of two representatives from each 
of the following : 


of 


Austria, Italy, Western Zones of Germany and 
Yugoslavia. 
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It was proposed that the ECE Electric Power 
Committee, which is to meet in Geneva on 28 February 
to 


reference 


? 


3 March, should provide the following terms of 


for the “to 


study in the light of developments in the situation 


Co-ordination Committee : 


the various arrangements which might be envisaged 
for the execution of the scheme; to facilitate the 
negotiation of inter-governmental agreements to 
match the bilateral contracts concluded between the 
undertakings of the countries concerned; and gene- 
rally to co-ordinate the study and execution of the 


” 


several stages. 


Composition of the Group of Experts and of the Co-ordination Committee of Yougelexport : 


Group of Experts on the Prospects of 


Chairman Mr. 


exporting Electric Power from Yugoslavia 


P. Sevette, Chief, Power Section, United Nations 


Economic Commission for Europe. 


Experts Western Zones of Germany Mr. 

Mr. 

Mr. 

Austria Mr 

Mr 

Italy Mr 

Mr 

Yugoslavia Mr 

+ Mr 

Mr 

Chairman Coordination Committee: Mr 

Members Western Zones of Mr 
Germany 

Austria Mr 

Italy Mr. 


S$. Heeseman, Federal Ministry of Economy, Bonn. 

L,. Wolf, Director, Bayernwerk, A. G. Munich 

W. Fleischer, Director, Deutsche Verbundgesellschaft, 
Heidelberg. 


. W. Kovats, Director, Ministry of Transport and Nationali- 


sed Undertakings, Vienna. 
O. Vas, Director, Osterreichische Verbundgesellschaft, 
Vienna. 


. F. Cartesegna, Director, Societa‘‘La Centrale’, Milan 


D. Tonini, Director, Societa 

*“‘Adriatica di Elettricita’’, Venice, 

S. Han, Director, Federal Institute of Technical and 
Economic Research, Belgrade. 


. M. Brelich, Slovenian Electric Power Board, Ljubljana. 
. B. Baranovie, Electric Power Institute, Zagreb. 


P. Sevette, Chief, Power Section, United Nations 


Economic Commission for Europe. 


. W. Fleischer, Director, Deutsche Verbundgesellschaft, 


Heidelberg, Chairman of the Economic Committe. 
KE. Paurnfeind, Ministry of Transport and Nationalized 


Undertakings, Vienna, Chairman of the Financial 
Committee. 
M. Visentini, President of SENEL, Rome, Chairman 


of the Legal Committee. 


Yugoslavia Mr. 


S. 


Han, Director, Federal Institute of Technical and 


Economic Research, Belgrade, Chairman of the Technical 
Committee. 


The following also attended certain meetings of the Co-ordination Committee: 


Mr. A. Thys (3rd) 

Mr. R. 

Mr. L. Fernet (4th) Eng 
Mr. P. Ailleret (2nd) 

Mr. F. 


Consulting Engineer to the ELECTROBEL Company, 


Brussels. 


Brongniart (2nd and3rd) Engineer, Electricité de France, Paris. 


ineer, Electricite de France, Paris. 


Director of Studies and Research, Electricité de France, 


Paris. 


Kuntschen (4thand 5th) Former Head of the Federal Water Department, Berne. 








Our Delhi Letter 


(From our special correspondent) 


Bhakra Nangal Project—-Power Potential Controversy 

The end of the month saw quite a hot controversy 
about the power potential which will develop from 
Bhakra Nangal Project. The main cause of the 
dispute appears to be that the daily press of the 
country is not conversant with the technical electrical 
terms and they confused the words ‘installed 
capacity”, ‘firm power’ and ‘‘maximum demands”. 
The engineers had also not been able to put across 
the correct significance of the facts and figures because 
technical writing is usually couched in such difficult 
engineering terms that the layman cannot under- 
stand them easily. The Ministry of Irrigation and 
Power had to issue a Press Note finally clarifying 
that the Bhakra Nangal Project Power potential 
has always been estimated to be about 400,000 kW at 
100%, load factor. On account of the fact that the 
Head variation on the Bhakra Lake is from 512 feet 
at full reservoir level to 20S ft. at lowest water level, 
the output of the generating units varies over a wide 
range. The ouput at a head of 400 ft. is 90,000 kW, 
and it drops to 53,000 kW at the lowest head. When 
one examines the figures in the light of correct 
technical significance there should be no difference 
of opinion in either school. 


The initial installation at Bhakra Power Plant 
has now been approved at 5 units each of 90,000 
kW. Less than two years ago the position as exa- 
mined by the Iyengar Committee, was that this 
region had no early prospect of rise of electrical load 
and uptil 1957 even the thought of putting a single 
unit on the Bhakra Power may not be entertained. 
One lesson is apparent that with the growing tempo 
of developmentinthiscountry, planners,administrators 
and engineers, who have to do anything with the 
river valley projects must exercise better imagination 
so that their forecasts are not completely out of 
date. If the idea put forward originally by the project 
authorities that electric demand will grow up as 
soon as enough power is available had been accepted, 
the construction of this Powerplant would have been 
expedited by atleast two years. Even now there is a 
certain conservative section who do not advocate 
the simultaneous construction of the sixth or seventh 
units. These persons will also, it appears, have to 
revise their opinions within the next two years when 
the development works of the Second Five Year Plan 
get into stride. 


Prime Minister accepts inauguration—Bhakra 
Dam Concreting 

In two months, the first bucket of mass concrete 
will have been poured in the Bhakra Dam founda- 
tions. This will be a ceremony inaugurated by Shri 
Jawahar Lal Nehru, who has always evinced keen 
interest in the progress of this project. He has often 
named this project as the most stupendous and out- 
standing job that is being done anywhere in India 
and even in the world. The preparation for the 


foundation concrete is being fast completed at the 
Bhakra Dam site and a giant assembly of construction 
plant is being fast given finishing touches in order to 
operate like clock work within six weeks. From this 
plant the Bhakra engineers will be manufacturing an 
average of 5,000 cyds, in order to complete the 5 
million cubic yards mammoth dam 700 ft. high from 
the lowest foundation level. This quantity will be 
completed by a non-stop working of about three 
and a half years, by synchronising of all the phases 
and stages of construction as regards materials, 
machinery and labour. 


Prospect of Cheap Hydro Power 

With the advent of cheap hydro-power from the 
Bhakra Nangal Project, the region of Northern India 
upto Delhi and even the Western districts of U.P. 
are expectantly looking forward to expansion of 
their industry. A visit to any part of the country- 
side in this region does not fail to impress the visitors 
with the many sided activities which are in evidence, 
be it road making, Canal construction, housing 
schemes and factories here and there. The people 
have been hungry for electric power for many years 
and it is considered that their pent-up demand will 
consume the power faster than can be given by the 
Bhakra Nangal Project upto 1960 when the first 
big unit of the Bhakra Power will be brought into 
commission. After this date the power famine will 
disappear as it will be possible to put in additional 
unit of 90,000 kW in quick succession, provided the 
Government make up their mind in time. In this case, 
it will be the pecple who will give the lead and it is 
expected that the case of India will be no exception 
to that of U.S.A. or Russia where cheap electricity 
has brought in the modern industrial revolution. 
Even for atomic power we will need big blocks of 
hydro power for making heavy water or other neces- 
sary adjuncts for nuclear reactors. A start is being 
already made at Nangal where the fertilizer-cum- 
heavy water factory is now being undertaken with a 
view to completion in 1959. This is expected to be a 
22 crores project which will be carried out concurrent- 
ly with the construction of the Bhakra Dam. The 
Managing Director has already been selected. He 
has previous valuable experience of the Sindri Ferti- 
lizer Factory. 


Army of Engineers, Draftsmen and Overseers 

The visit of experts to Russia and China has proved 
that these countries had to raise a large force of 
technicians in order to complete their projects of 
development, whether for hydro-power or flood 
control. The same situation is now facing India and 
a very liberal and courageous policy is needed in 
order to produce the technical personnel which will 
be adequate for completing the huge river valley 
undertakings within the target of time and money. 
Not only will engineers and drdftsmen be needed 
but there will be corresponding need for technical 
(Continued on page 4) 
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ELECTRONIC CONTROL FOR 
NEPA NEWSPRINT 








India will soon be able to meet one-third of 
her requirement of newsprint when the 
Rs. 6-crore Nepa Mills goes into full produc- 
tion in a few months time. The only one of 
its kind on the mainland of Asia, six elec- 
tronic controlled drives of Nepa Mills will 
turn,abundantly grown salai and bamboo of 
as Madhya Pradesh, into useful newsprint playing 
a very important role in the development of 
the country’s press and literacy. 


The quality and production of paper calls for 
very critical control of the paper machine 
drive. The G.E. Electronic Amplidyne 
Control installed at Nepa Mills will enable 
one operator to co-ordinate all six groups 
working at the same time. This highly accurate 
and modern G.E. drive system is being used 
by leading paper mills in the United States, 
Canada and’ Europe. 


Using G.E. Electronic Amplidyne- drive 
system, it is estimated that enough paper in 
a sheet 18 feet wide could be produced ' 
Fd 
4 






in 24 hours to cover the 327 miles from 
Nepanagar to Bombay. 
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Editorial 


The Age of Atomic Energy 


The period July-August 1955 would be com- 
memorated by future generations as a turning point in 
the history of human civilisation. Three great and 
historically significant conferences took place during 
this period—the Summit Conference between the 
Heads the four ‘“‘Great Powers’’, the London Con- 
ference of Scientists under the leadership of Lord 
Bertrand Russell and the ‘‘Peaceful Utilisation of 
Atomic Energy’’ Conference under the auspices of the 
United Nations. These three together contributed toa 
general relaxation of international tension which was 
so long getting heightened, and of the threat of atomic 
destruction of the human race which was perilously 
hanging overhead. The impact of the awareness of 
the consequences of an atomic war by the public at 
large and by the governments in particular forced 
the statesmen to change their warlike and threaten- 
ing moods and the era of atomic peace was ushered. 
A general coming together of leading scientists from 
all nations, both formally as well as informally, and 
discussing the implications of atomic science in all 
its varied aspects further strengthened the road to 
peace. In truth, we have emerged into the era of a 
Second Industrial Revolution, though the term ‘in- 
dustrial’ provides tco limited a concept for the trans- 
formation that the world now awaits. 


Even since the Hiroshima days, the world has been 
so preoccupied with the destructive potentialities of 
atomic energy that the true significance of the atomic 
era has not been fully grasped. Only now, particularly 
after the Geneva Conference on the Atom, the realisa- 
tion will be growing that atomic energy is not just 
another addition to our sources for fuel. The atom will 
permeate practically all aspects of our civilised exis- 
tence. Agriculture, Industry, Transport, Medicine, 
Public Health, Home, Recreation, etc.—-all these will 
be affected, and affected not merely ina supplementary 
sense but very vitally, significantly. The Age of 
Plenty can now be envisaged. The wide gap between 
the developed and undeveloped or under-developed can 
now be expected to he bridged far more quickly than 
could otherwise be imagined. The unnatural eco- 
nomic balance between these types cf regions would 
be undermined and a new economic age of coopera- 
tion on a more rational basis of 1elationship would be 
established. 


In the realm of power, there is no doubt that man 
has secured a new source of energy which is atleast 
23 times the total potential energy from the known 
resources of coal and oil. And soon we shall have 
energy from both the sun and the tidal waters. This 
puts traditional sources almost into the background. 
But the cost of generation of power from atomic 
energy is still high. Therefore, atleast for some time 
to come, the traditional modes will hold their own 


and atomic power will supplement or complement 
in areas where power is in heavy demand or where 
coal or hydro-power would be more costly. 


India is potentially rich in coal and waterpower. 
But of the 60 billion tons of coal of all grades, only 
20 billions are workable and only 5 billions are of 
good quality. The consumption of energy is still low 
in our country. But the plans of rapid industrialisa- 
tion and general all-sided development would fast 
multiply consumption rates. Waterpower has the 
difficulty that it can not be transported very far from 
the site. Therefore, as rightly pointed out by Sir John 
Cockcroft at Geneva, in arid regions like Rajasthan, 
etc. atomic energy will be extremely suitable. We 
are on our way to build a Reactor in India ; another 
is being offered by Canada. We have plenty of atomic 
raw materials; more may soon be found. It will 
therefore be moving in the right direction if India 
took steps to generate atomic power for use in suitable 
regions. 


In this connection it may be useful to mention that 
attention needs to be directed to development of 
small “‘package-power’’ reactors such as those enyisag- 
ed by the U.S. Army, or those te be used in naval, 
locomotive and airplane units. For, in our country, 
in isolated regions load will grow slowly. These small 
units will be valuable in promoting rural electrifica- 
tion, agricultural processing and pumping ground 
water. The TVA and the National Rural Electric 
Cooperative Association in America are already busy 
pursuing this line of approach. 


And now let us conclude with a quotation from 
Bertrand Russell: “‘Throughout the long ages since 
civilisation began, the bulk of mankind have lived 
lives of misery and toil and bondage. All the long 
burden of misery that has darkened the slow progress 
of mankind has now became unnecessary. If we can 
learn to tolerate each other and to live in amity, 
poverty can be abolished everywhere more completely 
than it is now abolished in the most fortunate nations. 
Fear can be so much diminished that a new buoyancy 
and a new joy will brighten the daily lives of all. 
The work of science, which while war survives is 
largely evil, will become wholly beneficent. Nothing 
stands in the way but the darkness of atavistic evil 
passions. New technical possibilities of welbeing 
exist, but the wisdom to make use of them has hither- 
to been lacking. Shall we collectively continue to 
turn our back upon the things that each one of us 
individually desire? We can make a world of light 
or we can banish life from our planet. One or other 
we must do, and do soon. A great duty rests upon 
those who realise the alternatives, for it is they who 
must pursuade mankind to make the better choice.”’ 
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(Continued from page 16) Silting up of Reservoirs II 
I 2 3 4 5 6 ‘ S 9 IO Il 
5. Tungabhadra Hyderabad = Llogoo 113,000 Io 400 200 100 70 Involves 
Andhra-Mysore Risk 
6. Lakwalli Mysore 760 61,000 SI 3200 1600 Soo 550 Very Safe 
7. Kakrapar or Bombay 25000 260,000 10 400 200 100 70 ©Doubtful 
Ukai 
8. Kosi Bihar 23800 436,000 IS 720 360 I8o 120 Not quite 
Safe 
9. Bhakda Punjab 22000 I,31,5000 12} 500 250 125 So. Doubtful 
10. Chambal (Gandhi- M.P. 8700 305,000 35 1400 700 350 250 Safe 
sagar) 
11. Godavari (Kusta- Madras 35200 55,400 1.6 O4 32 Ib Io Very 
puram) Unsafe 
12. Kadam Hyderabad IO00 7,000 7 280 I40 70 50 Involves 
risk 
13. Ramapad Sagar Madras 121000 704,000 5.8 220 IIO 55 40 Risky 
14. Girsoppa Mysore 580 20,400 40 ISo0o goo 450 300 Safe 
15. Lower Bhavani Madras 1600 32,000.20 S00 400 200 130 Fairly Safe 
16. 3 Reservoirs on} 
Barakar River } Bengal 24000 170,000 30 1200 H00 200 200 Safe 
in D.V. Project. 
17. 2 Reservoirs on ) " 4300 100,000 25 1000 500 250 170 Safe 
the Damodar }> 
River in D.V. J 
Project 
18. Mayurakshi ‘3 720 21,800 30 1200 600 300 200 Safe 
1g. Gangapur Bombay 140 5,500 39 1600 Soo 400 230 ~=Safe 
20. Machchu Saurashtra 280 2,500 Q 360 ISO go 60 ~=Doubtful 
21. Moj eS So 1,200. I5 600 300 150 100) Doubtful 
22. Aji as 55 1,070 Ig 760 380 Igo 120 Fairly Safe 
23. Bhogavo = 170 590 3.5 140 70 40 25 Unsafe 


- 


*In the case of reserviors 3 and 4, figures of life have been worked out for each reservoir independently i.e. 


(3) Krishna & (4) Pennar being fed by its own catchment. Actually Krishna-Pennar is a conjoint scheme, the 


Pennar reservoir being supplemented by waters from Krishna. Figures of life for the jointly-fed reservoirs have 


been shown as a separate item (3-4). The jointly fed reservoirs will have a very short life. 


Note : 


Some of the tanks may be safe so far as long life is concerned but they involve danger of not filling 


annually, having been designed for too large a percentage of run off. This point is not commented upon in the 


remarks colamn. 
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